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I, INTRODUCTION 
The lack of a sound theory of aqueous electrolytic solu­
tions over an appreciable concentration range, parallels our 
ignorance of the nature of the liguid state in general. The 
modern study of electrolytic solutions begun in the late 19th 
century# marked by Ahrrenius* theory (1), was culminated in 
the 1920«s with the Debye-Huckel theory of very dilute elec­
trolytic solutions (2). Spurred by the success of this theo­
ry, the investigation of electrolytic solutions was vigorous­
ly pursued, resulting in a large body of data summarized by 
the monographs of Harned and Owen (3) and Robinson and Stokes 
(4) . However very little significant advances were made in 
our quantitative understanding of electrolytic solutions. It 
is apparent that a theory of aqueous solutions is inextrica­
bly bound to the complexities of liquid water. Since the 
late 1950's, interest in water and aqueous solutions has 
intensified as a result of advances in molecular biology, 
desalination technology, and more recently, in the environ­
mental sciences. Although this has resulted in a number of 
new theories on the structure of water and solutions, none 
has found general acceptance. 
Additional experimental data are needed to test both ex­
isting theories and help formulate future theories of elec­
trolytic solutions. It is desirable to obtain experimental 
2 
data on the ionic and molecular species present in solutions. 
The ion-solvent and ion-ion interactions which occur in e-
lectrolytic solutions, such as complexation and hydration 
need also be studied over wide ranges of concentration, tem­
perature, pressure, ion size and charge. In particular, data 
on polyvalent electrolytes over wide ranges of temperature 
and pressure are lacking. This is partly due to the fact 
that most of the common polyvalent electrolytes are relative­
ly insoluble, tend to hydrolyze extensively and form com­
plexes even in dilute solutions. Such reactions complicate 
the analysis of the data. The polyvalent electrolytes are of 
special interest due to their strong interaction with the 
solvent, affording the opportunity to examine the nature of 
this strong interaction. 
Of the trivalent cations, the rare earths constitute a 
unique series of elements well suited to the above goals. 
The rare earth chlorides, perchlorates and nitrates are very 
soluble, forming solutions in which these interactions can be 
studied from infinite dilation to very high concentrations. 
For some of the rare earth nitrates the concentrations ap­
proach the state of fused salts. At these concentrations, 
all of the water is strongly interacting with the ions. In 
the rare earth salt solutions, there tends to be less hydrol­
ysis and association as the concentration increases, than for 
most other polyvalent electrolytes. In addition, the rare 
3 
earths have several unique properties. In the trivalent 
state, they differ from each other only in the number of 
electrons in the 4f subshell. These 4f electrons are effec­
tively shielded from outside interactions by the (outer) 
filled 5s and 5p subshells, resulting in similar chemical 
properties. All of the electron shells are pulled in closer 
as the nuclear charge increases across the series. This is 
especially true for the 4f subshell. The 4f electrons do not 
shield each other effectively from the nuclear charge due to 
their spatial distribution, which allows the 4f subshell to 
contract across the series. This in turn results in the 
shrinkage of (outer) filled 5s and 5p subshells. Therefore 
the ionic radius decreases with increasing atomic number. 
The latter property allows the study of solution properties 
of these ions as a function of slowly decreasing ionic radii 
across the series. 
With the development of ion exchange techniques for sep­
arating individual rare earths at the Ames Laboratory of the 
Atomic Energy Commission, large quantities of highly pure 
rare earths became available for experimental investigations. 
Extensive studies of the rare earth solution properties of 
the chlorides, nitrates and perchiorates from infinite dilu­
tion have been made at this laboratory. Of the thermodynamic 
properties, these include the activity coefficients, solubil­
ities, heats of dilution, heats of solution, specific heats. 
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molal volumes, expansibilities aad compressibilities. The 
transport properties measured include the conductivities, 
-transference numbers and viscosities. In addition, some 
spectral studies, such as fiaman and x-ray diffraction of 
these solutions are in progress. 
One of the most interesting results of these investiga­
tions is an irregularity in these properties as a function of 
ionic radius, for example, the partial molal volumes indi­
cate that there exists an equilibrium between two first 
sphere hydration numbers (5). La to Nd have primarily the 
higher coordination. For Nd to Tb, due to the decreasing 
cation surface area, there is a gradual shift in this equi­
librium to the lower water coordination. From Tb to Lu the 
lover coordination number is predominant. Anomalies in most 
of the other solution properties named above are consistent 
with this supposition. 
Some of the least studied thermodynamic properties of e-
lectrolytic solutions are the second derivatives of the free 
energy, such as the partial molal compressibilities and par­
tial molal expansibilities. This is partly due to the exper­
imental difficulties in measuring these properties, especial­
ly in dilute solutions where the present solution theories 
apply. These properties at higher concentrations are of in­
terest with regard to elucidating ion-ion and ion-solvent in­
teractions. 
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In 1964, Gildseth (6) completed a study of the partial 
molal volumes and partial molal expansibilities of lanthanum 
and neodynium chlorides, as a function of temperature from 0.1 
molal to saturation. The present report presents the exten­
sion of these measurements to cover the rare earth chloride 
series. The solution densities of aqueous PrCla, NdClg, 
SmClg, GdCla, DyClg, ErCla, and YbClg were determined from 5° 
to &0°C over a concentration range of 0.1 molal to approxi­
mately 3.5 molal. Apparent and partial molal volumes, the 
coefficient of thermal expansion, and the apparent and par­
tial molal expansibilities are calculated from the densities. 
These properties are examined in terms of ion-solvent and 
ion-ion interactions, and the postulated hydration change as 




For a system of several components, n^, each with a 
chemical potential, at temperature T and pressure P, the 
variation of the free energy is given by the differential 
eguation 
dF = -SdT + VdP + Zu,.dn. / (2.1) 
i 1 1 
where V and S are, respectively, the volume and entropy of 
the system, maintaining variables such as external electric, 
magnetic and gravitational fields invariant. The variables 
of the system can be divided into extensive thermodynamic 
properties (such as the volume, entropy, free energy and the 
amounts of the various components) and intensive thermodynam­
ic properties (such as the temperature, pressure and the 
chemical potentials). The former are first-degree homoge­
neous functions in the amount of each component present in 
the system, whereas the latter are independent of the amount 
of material in the system. 
From Equation 2.1, the variation of the free energy with 
component i, at constant T, P and is 
7 
3*i/T,P,nj 
(2 .2 )  
where the chemical potential, is the partial molal free 
energy of component i, designated by F^« The partial molal 
free energy gives the change in total free energy of the sys­
tem due to a change in the amount of component i, at constant 
T, P and all other components, j. Similar partial molal 
guantities can be defined for other extensive properties of a 
system. The partial molal quantities are intensive proper­
ties, and are independent of the total amount of the ith com­
ponent. 
In general, for any extensive thermodynamic property G, 
which is a homogeneous function of the first degree in the a-
mount of each component present in the system, such that 
where X is some constant, then by Euler's theorem on homoge­
neous functions (7) 




G = Zn.G. , (2.5) 
i 1 1 
where G. = OG/3n.) is the partial molal G. For two 
1 1 J-zPfllj 
components. Equation 2.4 reduces to 
G = iijGj + n^Gg . (2.6) 
for example, for the volume of an electrolytic solution. 
Equation 2.6 is 
V = , (2.7) 
where and are the partial molal volumes of the solvent 
and solute, respectively. 
The relationships between various thermodynamic quanti­
ties such as 
. v-v' , (2.8) 
have analogous counterparts in terms of partial molal quanti­
ties. For example, the pressure derivative of the partial 
molal free energy at constant T, and 
9 
is the partial molal volume of the component i. 
In the study of solutions, it is convenient to define 
the activity by 
+ RTlna^ , (2.10) 
where is the activity of the it h component in the solution 
and is the chemical potential of some arbitrary standard 
state at which the activity is unity. The standard state 
depends on the concentration scale in which is expressed. 
Although the concentration of individual ions in an e-
lectrolytic solution cannot be varied independently, it is 
convenient to formulate the thermodynamic properties of indi­
vidual ions. Thus, for an electrolyte which dissoci­
ates into v_j_ cations and anions according to 
= v_^C + v_A , (2.11) 
+ — 
where v = the activity of the salt can be written as 
V. 
^2 - a_ - =+ a. = a.^a = a^ • (2.12) 
where a_^ and a are the individual ionic activities, and a+ 
the mean ionic activity. If we define the mean ionic mole 
fraction as 
10 
K = , (2.131 
where N_^ and N_ are the ionic mole fractions of the cations 
and the anions, and N is the mole fraction of the salt, then 
the rational activity coefficient of the salt, f^, can be de­
fined as 
f+ = a+/N+ . (2.14) 
Combining Equations 2.10, 2.12 and 2.14, we find 
y^-p® = F^-F° = vRTlnf^ + vRTlnN^ , (2.15) 
and from Equation 2.9 
/3(lnf^)\ 
11 
B. Electrolyte Solutions 
The early history of electrolytic solutions was dominat­
ed by names like Galvani, Volta, Davy, Faraday, Gay-Lussac, 
Daniell and Kohlrausch. An account of this interesting his­
tory is given by Hamer (8). The first theory of the behavior 
of electrolytic solutions was advanced by Arrhenius in 1887 
(1). He proposed that andissociated solute molecules are in 
equilibrium with the dissociated ions in solution, strong 
acids and bases being almost completely dissociated in solu­
tions. Van't Hoff confirmed the ideas of Arrhenius with the 
osmotic pressure studies of electrolytes (9). From the mass-
action principle of ionization, Ostwald derived the dilution 
law, relating the conductivity with concentration in dilute 
solutions (10) . 
After its initial success, it became apparent that 
Arrhenius' theory was unsatisfactory on a number of points, 
especially with regard to strong electrolytes. Strong elec­
trolytes did not obey the Ostwald dilution law. And the de­
gree of dissociation calculated from other properties was not 
in agreement with that calculated from the conductances. 
It was realized that the Arrhenius theory for strong e-
lectrolytes was inadequate, for it failed to take into ac­
count the electrical work needed to pull the ions apart on 
dilution. The importance of the solvation of ions, and the 
12 
role of the dielectic constant of the solvent in solutions 
was recognized. And the relatively strong long range elec­
trostatic forces between ions in solutions were felt to be 
important. 
The distribution function of the ions in electolyte so­
lutions depends on the coulomb electrical forces between 
these ions. The problem consists of obtaining the distribu­
tion of ions, and calculating the electrical potential aris­
ing from this distribution. In 1912, Milner made the first 
attempt to solve this problem (11). Although Milner's re­
sults were essentially correct, his theory involved a tedious 
numerical summation of a slowly converging infinite series of 
interaction energies for all configurations. For this rea­
son, Milner's approach was not extensively used. 
In 1923, Debye and Huckel (2) laid down the foundation 
of the modern theory of dilute electrolytic solutions. They 
assumed that strong electrolytes are completely dissociated 
in solutions and their deviation from ideality was due to the 
electrical interactions of the ions. Although, the basis for 
the Debye-Huckel theory was the same as that of Milner, the 
introduction of the concept of an "ionic atmosphere", allowed 
Debye-HucJcel to calculate the average electrical potential on 
a given ion in solution due to all the other ions. They a-
chieved this by combining Poisson*s equation, which relates 
the potential at some point to the surrounding charge densi­
13 
t y ,  with the Haxtfell-Boltzmann distribution. This approach 
is only rigorous if the salt is assumed to be 100% ionized, 
the dielectric can be taken as continuous, and the exponen­
tial of the Boltzmann equation can be expanded in a power se­
ries, neglecting all but the first two terms. They derived 
an expression for the mean ionic activity coefficient for the 
solute, which is a measure of the deviation of the solution 
from ideal behavior. For the case of a single electrolyte 
(3) 
lo9f+ = ; TTT ' (2.18) 
1 + aAc / 
where 
0^ = 1 1 2.303 V — [2v•zf] 







A = 10~®[2v-z?] 




( 2 . 2 0 )  
where c is the molar concentration, â is the mean distance of 
closest approach in Angstroms, v is the total number of ions, 
is the number of ions of the ith kind, is the charge on 
the ith ion, H is Avogadro's number, e is the electronic 
14 
charge, k is Boltzmann's constant, and D is the dielectric 
constant of the solvent. For very dilute solutions, where 
the finite size of the ions is replaced by point charges. 
Equation 2.18 reduces to 
logf^ = . (2.21) 
In 1912, Levis and fiandall had found an empirical depen­
dence for the loq of the activity coefficient for most strong 
electrolytes (12). Equations 2.18 and 2.21 correctly predict 
the variation of the activity coefficient with concentration 
in very dilute solutions. The validity of the Debye-Huckel 
theory has been firnly established on both the theoretical 
and experimental level for such solutions (3,13). Unfortu­
nately, the Debye-Huckel theory begins to break down at con­
centrations of a few hundreths molar (14), especially for 
hiqher charge types (3), which is well below the concentra­
tions employed in this report. 
Although there have been numerous attempts to extend the 
Debye-Huckel theory to hiqher concentrations, notably by 
Gronwall, La Her and Sandved(15) - inclusion of higher terms 
in the power series expansion of the Boltzmann exponential, 
and Bjerrum (16) and PQOSS and Kraus (17) - the concept of 
ion association, these attempts have met only with limited 
success. There are some promising new theoretical approaches 
15 
to the behavior of concentrated solutions, particularly 
Mayer's statistical-mechanical cluster theory (13,18), But a 
successful theory of concentrated electrolytic solutions is 
not available at this time. 
C. Apparent and Partial Holal Volumes and Expansibilities 
From Equation 2.7, 
V = + n^Vj, , (2.7) 
it can be seen that the partial molal volumes give the con­
tributions of the solute and solvent to the total volume. 
The partial molal volume of the solute, Vg = (9V/3n2)„ ^  , 
T /ir / tlx 
is formally defined as the change in volume of an infinite a-
mount of solution at a particular concentration, with the ad­
dition of one mole of solute. The differential quantity , 
then is the "effective volume" per mole of solute in solution 
at this concentration. 
It is convenient, for experimental purposes to define 
the apparent molal volume, as 
v-n.v; 
where V is the total volume of the solution, ni is the number 
16 
of moles of solvent, v5 is the partial molal volume of the 
pure solvent, equal to its molal volume, and iig is the number 
of moles of solute. From this definition, the apparent molal 
volume is the change in volume due to the addition of one 
mole of solute, to a sufficient amount of pure solvent, to 
prepare a solution of the desired concentration. Rewriting 
Equation 2.22 as 
V = f (2.23) 
we see that is the "apparent" volume of the salt added, 
assuminq the volume of the solvent in the solution remains 
the same as that of the pure solvent. Substituting V = 
(lOOO+mMj)/d, njv5 = lOOO/dg and ng = m into Equation 2.22, 
we obtain 
1000(d-d) M, 
where dq is the density of water, d is the density of the so­
lution, m Is the molality of the solution, and Mg is the mo­
lecular weight of the solute. Equation 2.24 is useful for 
calculating the apparent molal volume from experimentally de­
termined quantities. The thermodynamically meaningful prop­
erties, Vz and Vir can then be conveniently obtained from 
By differentiating Equation 2.23 with respect to at con­
17 
stant T, P and m, and rearranging, we obtain for the partial 
molal volume of the salt 
(2.25) 
It infinite dilution, when %% = 0, V% = (j'y. Since the ex­
perimental composition variable is we substitute nj = 
m, and obtain 
= *V + • (2-2G) 
\3m /T,P,ni 
By substituting Eguations 2.25 and 2.23 into Equation 2.7, we 
find for the partial molal volume of the solvent 
Now making use of the relationship = mniMi/lOOO, where Mj 
is the molecular weight of the solvent. 
In a manner similar to , the partial molal volume of water 
is the change in volume of an infinite amount of solution at 
18 
some concentration, upon the addition of one mole of water. 
Hence, Vi is the "effective volume" of one mole of water in a 
solution of this concentration. 
Thus, the partial molal volumes of the solute and sol­
vent can be calculated from a knowledge of the apparent molal 
volume as a function of the square root of molality. Fur­
thermore the apparent molal volume can be calculated from the 
density of the solution according to Equation 2.24. 
from the Debye-Huckel limiting law for the activity co­
efficient (Equation 2.21), and the relationship between V2 
and (Equation 2.17), Bedlich and Bosenfeld (19), and 













where 3 is the compressibility of the solution, and the other 
quantities are the same as before. For the extremely dilute 
solutions where Equation 2.30 is applicable, 3 can be taken 
as the compressibility of the solvent, 3o- follows from 
Equation 2.30 and 2.25 that for the partial molal volume, 
V, = v; + . (2-34) 
Furthermore, the limiting concentration dependence of the 
density, from Equations 2.24 and 2.30, is 
d = d + 
0 
rvo' 
1000 _ C " 1000 
,3/2 (2.35) 
Since the slopes in Equations 2.30 and 2.34 are only func­
tions of the solvent and the valence type of the salt? all 
salts of the same valence type should have the same limiting 
slope» Equations 2.30, 2.34 and 2.35 are limited to very di­
late solutions, since they are derived from the Debye—Huckel 
limitinq lav. Bedlich and Meyer (21) have calculated k at 
various temperatures from the appropriate properties of va-
20 
ter. k is represented by 
k = 1.4447 + 1.6799xl0"^t - 8.4055xl0~®t^ 
+ 5.5153xl0-^t^ (2.36) 
as a function of temperature (with an rms deviation of 0.0005 
The above limiting laws have been amply verified in di­
lute solutions (13). The partial molal volume at infinite 
dilution is useful in elucidating ion-water interactions. At 
higher concentrations the partial molal volume can also give 
some insight into ion-ion interactions. 
The variation of the volume with temperature is ex­
pressed by the coefficient of thermal expansion 
This is simply the change in volume of a solution per degree 
per unit volume, holding the pressure and the mass constant. 
Several other expressions for a can be derived from the rela­
tionships between the volume, the density, the specific vol­
ume, V, and the molar concentration, c = 1000md/(1000 + mMz), 






A partial molal quantity cannot be defined for the coef­
ficient of thermal expansion, since it is an intensive quan­
tity. However, the expansibility, E, of a solution, defined 
as 
is extensive, and the apparent molal expansibility, (j) , can 
£ 
be defined as 
where eJ = "gVj, and oq is the coefficient of thermal expan­
sion of water. Equation 2.42 and the following equations on 
the expansibilities were first derived by Gucker (22}. In a 
manner entirely similar to the development on partial molal 
volumes. 
9 (2.41) 
1000 (ado-Ogd) ocM^ 
'•'E îâd^ + ~ ' (2.43) 
22 
E = + HgEg , (2.44) 
and 
[ 34)_ \ 
4ôôr -& -
'T,P,n, 
where Eg = (SE/an,)- „ is the partial aolal expansibility 
T/Jr /111 
of the solute, Ei = (9E/3ni)„ „ „ is the partial molal ex-L f r / Il2 
pansibility of the solvent, and ao is the coefficient of 
thermal expansion of water. Furthermore, it can be shown, by 
taking the appropriate derivatives of (Py, Vg and that 
•• • I»,... ' 
• O,. JT f 
and 
23 
that is, the partial molal expansibilities are the tempera­
ture derivatives of the partial molal volumes. Since the 
partial molal volumes are pressure derivatives of the par­
tial molal free energies, we have 
/3v.\ 
= Wn, = Wp... • 
The limiting law for the expansibility can be derived (22) 
from Equation 2.30, such that 
$2 = + ggc'/' , (2.51) 
where 
= (âr^ - -f, • 
As before, a may be replaced by with no loss in applica­
bility (22). As was the case with the apparent molal vol­
umes, and Ez should be linear functions of c^/* in very 
dilute solutions. A limiting law for the coefficient of ex­
pansion, ct, can be derived (3) by combining Equations 2.24, 
2-30, 2.43 and 2.51 
a = + 
1000 _ C 1000 
, 3 / 2  (2.53) 
24 
Compare this equation to the similar equation for the density 
(Equation 2.35). 
Although no quantitative theory exists at the present 
which can predict absolute partial molal volumes or expansi­
bilities, some semiempirical results can help us gain an un­
derstanding of these guantities. This subject has recently 
been reviewed by Millero (13,23). 
The partial molal volumes and partial molal expansibili­
ties reflect the changes in volume and expansibility that oc­
cur in a solution, with the addition of salt. 
At infinite dilution, the picture is simplified, since 
ion-ior. interactions need not be considered for strong elec­
trolytes. The concepts that apply at infinite dilution need 
then be modified to include the ion-ion interactions and 
changes in ion-solvent interactions at higher concentrations. 
At infinite dilution (where ^^=7^ and ) the vE and 
Ez can be separated into their ionic components, since their 
contributions to the total are independent of each other (13, 
p. 525). The partial molal volume and expansibility of an 
ion can then be examined in terms of size, charge, tempera­
ture, etc. This separation into ionic components can only be 
made if the vl (ion) and 2° (ion) of some reference ion can be 
estimated by some extrathermodynamic method, or set to some 
conventional value. The vi (ion) and (ion) of all other 
ions are then fixed with respect to the reference ion for e­
25 
lectrolytes which are 100% ionized. 
A number of authors (see ref. 13) have tried to further 
subdivide the partial molal volume of an ion. These divi­
sions usually consist of the intrinsic volume of the ion and 
one or more terms representing the change in the volume of 
the solvent due to its interaction with the ion. The intrin­
sic volume of the ion is usually taken as the volume calcula­
ted from its crystal radius. Some have included a void space 
contribution to the intrinsic volume, due to packing the ion 
into the solvent. The interaction terms are due to the 
breakdown of the water structure and its compression around 
the ion due to the electric field of the ion. This "électro­
striction" of the water by the ion is negative and approxi­
mately proportional to -Z^/r. That is, the greater the 
charge and the smaller the ion, the larger the decrease in 
the volume of the solvent. There is a strong correlation be­
tween the électrostriction term in the partial molal volumes, 
and the viscosity B-coefficients and partial molal ionic en­
tropies (24) . 
In general, the electrostricting ions are ions of large 
surface charge density: the trivalent cations^, V2(ion) = (-50 
to -60) ml/mole, the divalent cations, V2(ion) = (-20 to -30) 
ml/mole, and some of the small univalent cations. Most of 
*A11 values are based on V2(H+) = -5.4 ml/mole. 
26 
the anions and some of the larger monovalent cations have 
positive partial molal volumes. For the rare earth ions, the 
crystal radii correspond to 3 ml/mole for La+' to 1.6 ml/mole 
for Yb+3, whereas vE(ion) range from -55 ml/mole for La+3 to 
-60 ml/mole for Yb+3. Thus there is a large decrease in the 
volume of the water as it hydrates the rare earth ion. On 
the other hand, the crystal volume of the chloride ion is ap­
proximately 15 ml/mole whereas the vE(ion) for Cl~ is 23 
ml/mole. This implies an increase of about 8 ml in the vol­
ume in addition to the volume of the chloride ion. Part of 
this may be free volume due to packing the chloride ion into 
the solution. Therefore, although the crystal volumes of the 
rare earth chlorides are approximately 50 ml/mole, the effec­
tive volumes in solution are approximately 10 ml. This anal­
ysis is in accordance with the positive viscosity B-coef-
ficients for the rare earth chlorides (25). 
For a quantitative theory of partial molal volumes a 
more detailed knowlege of the immediate area around the ions 
is necessary. For example, the possibility of forming hydro­
gen bonds with some of the anions, the hydrolysis in solu­
tions of polyvalent electrolytes, and the possibility of ra­
dius controlled coordination changes for highly charged ions 
will need to be taken into consideration in any quantitative 
theory. 
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Speddinq, Pikal and Ayers (5), and Cullen (26) deter­
mined the v| of the rare earth chlorides, nitrates and per-
chlorates. The expected monotonie decrease in Vi with de­
creasing ionic radius across the rare earth chloride series 
was not found. The Vg's decreased as expected from La to Nd 
and Tb to Lu, but increased from Nd to Tb. They postulated 
that there was a shift to a lower coordination number for the 
first hydration shell of the rare earth ion, beginning with 
Nd and ending around Tb. Actually an eguilibrium between the 
two coordination numbers was envisioned. For La through Nd, 
the predominant species is the higher coordinated ion. Be­
ginning with Nd, due to reaching a critical radius for the 
higher coordination, this eguilibrium would be displaced to­
ward the lower coordination number. The displacement toward 
the lower coordination is essentially complete at Tb, the 
remaining rare earth ions having predominantly the lower co­
ordination number. A shift to a lower coordination in the 
first hydration shell would decrease the amount of électro­
striction for these salts, increasing as observed. Anom­
alies in the conductance (27), viscosity (25), activity coef­
ficients (28) , solubilities (28) , heats of dilution (29,30) 
and specific heats (31,32,33) can be correlated with such a 
coordination change. 
The concentration dependence of the partial molal vol­
umes can be divided into two regions: the very dilute region 
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(less than 0.1 nolal for the rare earth chlorides), where the 
extended Debye-Hackel theory applies, and the region more 
concentrated than this. Since the present report is con­
cerned with concentrations greater than 0.1 molal, our inter­
est will be mainly confined to the latter region. As the so­
lution concentration increases, in addition to the ion-
solvent interactions, ion-ion interactions become important. 
The interionic attraction theory of Debye-Huckel pre­
dicts that <p^ (and V^) should increase linearly with in 
very dilute solutions according to Equation 2.30. All salts 
of a given valence type have the same limiting slope, this 
slope becoming greater with increasing charge type. The lim­
iting slope should increase with temperature in a regular 
manner, according to Eguation 2.36. By including the 
"distance of closest approach", â, the first order deviations 
from this linear behavior is predicted. All of these predic­
tions have been verified (13,23). The rare earth chlorides 
have been found to obey the Debye-Huckel theory in very di­
lute solutions at 25°C (5,26). 
At higher concentrations, the only well established cor­
relation is Hasson's rule (34). In 1929, Hasson found that 
1/2 for many electrolytes, (|)y varies linearly with c to high 
concentrations, for some 1:1 electrolytes this linear range 
extended into the dilute region, causing much confusion con­
cerning the regions where the Debye-Huckel theory and 
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Udsson's rule apply, fiedlich (35) has shown that the appar­
ent linearity into the dilute region for 1:1 salts is due to 
the small deviations from the limiting law for these salts. 
For higher valent salts there is often a large change in 
slope between the two linear regions. Furthermore, the 
slopes where Masson's rule holds are specific to the salt 
under consideration, in direct conflict with the limiting 
law. For these reasons, extrapolations of 4»^ to infinite di­
lution from the region where Masson's rule holds can result 
in errors of several ml (13,23). The most accurate data show 
that the <Py vs. c^^^ dependence is not guite linear where 
Masson's rule applies (20,28,36). Including the very dilute 
range, the 4»^ vs. curves exhibit sigmoid shapes. No 
satisfactory reasons have been found to account for Masson's 
rule, although some attempts have been made at explaining the 
differences in slopes at these concentrations (37,38,39,40). 
The possibility of forming complexes between the rare 
earth cations and the chloride ion must be considered at in­
creasing concentrations. At 3.5 molal there are only 16 wa­
ter molecules per RECI3, and if the cation coordinates 8-9 
waters (5) , outer sphere ion pairing is almost required sim­
ply by the stoichiometry. 
The (ion) of even the simple monovalent and divalent 
ions are not well understood. For example, the (ion) of 
alkali metal cations decrease with increasing ionic radius. 
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whereas the divalent alkaline earth cations and halide anions 
vary in the reverse order (41). The difficulty seems to lie 
in the effect of the ion on the structure of water, since the 
expansibility of the bare ion should be negligible. Until 
more is known about the detailed structure of water, and the 
effect of ions on this structure, the decomposition of the 
partial molal expansibility, even at infinite dilution, will 
remain speculative. 
The behavior of (and Eg) in very dilute solutions, 
where the Debye-Huckel theory is applicable, has caused con­
troversy for some time. From Equations 2.51-2.52, 2.30-2.33, 
and 2.36 the following predictions can be made: a) at very 
low concentrations (and E^) should be linear in b) 
the limiting slope should be the same for electrolytes of the 
same valence type; c) this slope should be positive, in­
creasing with temperature; and d) the limiting slope should 
he greater for higher valence types. Although the 4ig's for 
the common salts were found to be approximately linear at in­
termediate to high concentrations, with slopes increasing 
with temperature, the slopes were negative, only becoming 
positive at high temperatures. The slopes were also specific 
to the electrolyte. The negative slopes were cited as being 
incompatible with theory (22). Franks and Smith (42) who de­
termined the 4^'s of NaCl and KCl to very low concentrations 
(0.005M) were first to demonstrate experimentally that the 
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theoretical limiting law is approached. &t very low concen­
trations the slopes become positive in agreement with the 
limiting law. There have now been other confirmations of the 
limiting law for expansibilities (43,44). The linearity of 
vs. ^ at higher concentrations is similar to Masson's 
rule for the *y*s, and has a similar lack of theoretical ba­
sis. The linear behavior was first pointed out by Gucker 
(22). As was the case for the 's, the <{>j. vs. curves 





Since all the thermodynamic quantities of interest in 
this research can be derived from the apparent molal volumes, 
a knowledge of the density as a function of temperature and 
concentration is sufficient for this purpose. The densities 
of the solutions were determined in vessels calibrated with 
liquids of known density, mercury and water. A description 
of the preparation of materials, the apparatus, the calibra­
tion and the procedure employed in this research follow. 
&. Preparation of Materials 
1. Mercury 
The mercury used in this research was obtained from the 
special materials qrcup of the âmes Laboratory. They used 
the following purification procedure. The mercury was first 
filtered through a gold adhesion filter (46), removing the 
surface contaminants such as dirt, acids, water, oil and ox­
ides. It was next passed through a nitric acid rotary scrub­
ber (47) as a fine spray, to effectively remove easily oxi-
dizable base metals such as zinc, lead, and copper. All ele­
ments except the noble metals were removed in a motor driven 
oxifier (46), where the mercury was vigorously agitated, 
carrying air into the body of the mercury. This oxidized the 
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remaininq low concentration impurities. It was then filtered 
and passed throaqh the nitric acid rotary scrubber again. 
Finally, the mercury was distilled under vacuum, removing the 
remaining nonvolatile impurities. Mercury prepared according 
to this procedure should yield a product of high purity 
(48,49,50). The mercury passed visual tests, capable of 
detecting 0.1 ppm base metal impurities (51,52). 
Immediately before using, the mercury was passed through 
a pinhole in a piece of filter paper in a clean, dry, dust-
free funnel. The first and last portions were discarded. In 
this manner, any last surface contaminants such as dust and 
lint were removed. 
2. Water 
All water used in these investigations was prepared in 
the following manner. Steam from the University high pres­
sure steam lines was condensed and passed through mixed bed-
ion exchange columns, and then distributed through aluminum 
lines as tap distilled water. This was distilled from an 
alkaline permanganate solution in a modified model E-1 
Barnstead still. The water was stored in a tin-lined tank, 
protected from carbon dioxide and dust by a commercial fil­
ter. The conductance of the water prepared in this manner 
was always better than 7x10—7 mho cm—i. This water was used 
both in the determination of the density of water and in the 
preparation of the rare earth chloride solutions. 
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3. Solqtioas 
The rare earth oxides used in the preparation of the 
rare earth chloride solutions were obtained from the rare 
earth separation group of the Ames Laboratory of the Atomic 
Energy Comission. These rare earths were purified by the ion 
exchange methods developed at the Ames Laboratory. The ox­
ides were analyzed for impurities by flame emission spectro-
graphy. Two of the oxides were also analyzed by a mass spec-
trographic method. The results of these analyses are given 
in Table 1. It is apparent from the table, as indicated by 
the mass spectrographic analyses, that most of the impurities 
are present in amounts less than the detection limit of flame 
emission spectrography. From long experience in the analyses 
of rare earth oxides prepared by the Ames Laboratory rare 
earth separation group, impurities other than those listed in 
Table 1 are never found in amounts that would influence the 
results of these investigations significantly. 
Approximately two kilograms of the appropriate oxide 
were dissolved in C.P. grade, concentrated hydrochloric acid 
by slowly adding the oxide to a sufficient quantity of the 
boiling acid to obtain an approximately stoichiometric solu­
tion. A slight excess of oxide was then added, and the solu­
tion heated for several hours. After adjusting the concen­
tration to just below saturation with conductivity water, the 
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Table 1. Spectroqraphic analysis of the rare earth oxides 
Flame Mass 
Oxide Impurity emission* spectrometry" 
(ppm by weight) (ppm by weight) 
PrcOii Nd < 10 
c e  < 1 0  
La < 20 
Fe < 30 
BdaOs Sm < 100 
Pr <1000 
Y < 100 
C e  - < 1 0  
la -< 20 
Ca < 300 
Si < 200 
SmzOa Gd -< 300 < 2 
Eu < 100 < 0.5 
Nd < 200 < 0.4 
Pr < 200 4 
Y  < 5 0  <  0 . 5  
Ca 30 4 
Si 40 
Fe -< 40 3 
GdzOg Dy -< 50 
lb -< 500 
Sm -< 100 
Y -< 500 
Eu -< 100 
Ca 20 
Si < 50 
Fe < 30 
Dy203 Er < 20 
Ho -< 100 
*A less-than symbol indicates that the element was de­
tected, bat the amount is less than the quantitative detec­
tion limit of the analytical method, given by the number. 
A bar indicates that the element was not detected, and the 
number again gifes the quantitative detection limit of the 
analytical method. 
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Table 1. (Continued) 
Flame Mass 
Oxide Impurity emission spectrometry 
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hot solution was filtered through a medium grain sintered 
glass funnel, removing the excess oxide and some of the col­
loidal species. This resulted in about three liters of con­
centrated rare earth chloride stock solution, slightly basic 
with respect to the stoichiometric pH. 
A stoichiometric solution is acidic due to the hydroly­
sis of the rare earth ion 
RE^"*" + HgO = REOH^"'" + . (3.1) 
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Thus to ensure a three to one ratio of anions to cations, the 
stock solution had to be adjusted to the equivalence pH. 
Several 20 ml aliquots of the stock solution were titrated 
with approximately 0.05 molar hydrochloric acid, using a 
Sargent Model D recording titrâtor. The equivalence pH was 
determined from the titration curves, and the stock solution 
adiusted to this pH with the same titrant. The stock solu­
tion was then heated overnight to permit any remaining col­
loidal species to react with the acid. After cooling and 
adiustinq the volume with conductivity water to the level 
prior to heating, the stock solution was aqain adjusted to 
the equivalence pH. The stock solution was then again heated 
and the procedure repeated until the pH was not affected by a 
heatinq-coolinq cycle. The solution was then transferred to 
a clean, tightly stoppered flask. The pH of solutions pre­
pared in this manner remained stable, and the solutions were 
free of colloidal oxide as indicated by the absence of a 
Tyndall cone. 
Since the concentrations of the dilutions were deter­
mined from the measured densities, as will be described sub­
sequently, the dilutions were prepared volumetrically by the 
addition of appropriate amounts of conductivity water to a 
sufficient volume of concentrated stock solution to obtain 15 
dilutions from 0.1 molal to the concentration of the stock 
solution. 
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B. Apparatus and Procedure 
1, Introduction 
The determination of the density of liquids can be con­
veniently divided into 1) the determination of the mass of a 
known volume of liquid, (pycnometry), or equivalently, the 
determination of the volume of a known mass of the liquid, 
(dilatometry) , and 2) the comparison of the density of the 
liquid to the known density of a reference by the Archimedean 
principle, (buoyancy methods), These several methods, to­
gether with a discussion of their advantaqes and limits are 
described by Bauer and Levin (53), and Hidnert and Peffer 
(54). 
Althouqh pycnometry is a relatively simple method, pre­
cision is normally confined to about 5 parts per million, and 
determinations are usually made on solutions of constant com­
position at a sinqle temperature. 
Of the buoyancy methods, the maqnetic float method of 
Lamb and Lee (55) , as modified by Geffcken, Beckmann and 
Kruis (56), Conway, Verrall and Desnoyers (57), Hall and 
Jones (58) and Speddinq, Pikal and Ayers (5) , is capable of 
mecsurinq specific qravities to a few parts in the seventh 
decimal place. This method is well suited to measurinq small 
density differences, such as the specific qravity of very di­
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lute solutions. Although Millero (59) has recently described 
a magnetic float method that can be used to measure densities 
as a function of temperature, the bouyancy methods are usual­
ly confined to measurement at one temperature and are rela­
tively complex in terms of apparatus and technique. 
Dilatometry is normally used to measure changes in den­
sity, such as following the changes in volume due to a reac­
tion, measuring the change in density as a function of tem­
perature or pressure, or the determination of the volume 
change in mixing two liguids. In addition, the dilatometer 
can be used as a pycnometer to determine the absolute densi­
ty, Dilatometric methods are capable of a precision of one 
part per million or better. 
Jones, Taylor and Vogel (60) have described a dilatome­
ter which also serves as a temperature controller, capable of 
measuring densities to 2 parts per million. Hepler, Stokes 
and Stokes (61) describe a dilatometer in which the volume 
change, occurring when a small amount of concentrated solu­
tion is mixed with a large amount of solvent, is measured. 
The apparent molal volume of the initial, concentrated solu­
tion is determined by pycnometry. The apparent molal volume 
of the final, dilute solution is given by 
final initial (3.2) 
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where AV is the change in volume on mixing and is the num­
ber of moles of solute present. By this method, they attain 
a precision in the apparent molal volume of the final, dilute 
solution of a few hundredths of 1 ml at concentrations as low 
as 0.002 molar. Several other dilatometric designs have been 
described by Geffcken, Krais and solana (62), Gibson and 
Loeffler (63), Pflug and Benson (64) and Grieger, Chaudoir 
and Eckert (65). 
The dilatometer described by Oven, White and Smith (66) 
as modified by Gildseth (6) was used in this research. This 
dilatoaeter is capable of measuring volume changes of about 
1x10-4 ml out of a total volume of 130 ml, corresponding to 
about one part per million in density. Absolute densities, 
using the dilatometer as a pycnometer, could be determined to 
a few parts in the 5th decimal place. The density as a func­
tion of temperature over the range 5° to 80°C could be easily 
determined. A diagram of the dilatometer is shown in Figure 
1. About 25 ml of mercury were in the body of the dilatome­
ter and in the capillary sidearm. The rest of the body of 
the dilatometer contained water or solution. By means of a 
pipette, mercury could be withdrawn from the sidearm to a 
reproducible level. As the temperature of the dilatometer is 
raised, mercury is forced out of the capillary due to the ex­
pansion of the solution or water. The mercury is removed 
with the withdrawal pipette for weighing, and the temperature 
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is again raised. This procedure is repeated until the desired 
temperature range is covered. Knowing the volume of the dil­
atometer as function of temperature, the weight of solution 
or water, and the weight of mercury and its density as a 
function of temperature, the density of the solution as a 
function of temperature can be calculated. Twelve such dila-
tometers were constructed in this research. A temperature 
bath that could be controlled to 0.001®C, similar to one de­
scribed by Owen et aJ.. (66) was used. Since the formation of 
air bubbles in the dilatometers had to be avoided, a special 
filling apparatus, similar to one described by Jones et al. 
(60), as modified by Gildseth (6) was used. 
2. Dilatometer 
Figure 1 shows a diagram of the dilatometer and a with­
drawal pipette. The dilatometers were constructed of Pyrex 
glass with a volume of approximately 130 ml. The body of the 
dilatometer, C, was constructed from 56 mm Pyrex tubing. 
Male standard tapers A, G and F were sizes 10/30, 14/20 and 
29/42 respectively, taper F being shortened with a glass saw. 
female caps were provided for tapers A and F. Stopcock B 
was a precision, straight bore Pyrex stopcock. The stopcock 
shell and plug for each dilatometer were lapped with fine 
glass grinding compound, to insure good mating. The shells 
and plugs were marked so that the correct plug was always 
used with the proper shell. The stopcock plug was held in 
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Figure 1. Dilatooeter and withdrawal pipette 
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place by a nylon stopcock retainer. No leaks through the 
stopcocks were detected throughout this research. The heavy 
walled capillary sidearm, D, had a 0.7 mm I. D. The tubing 
connecting D to G was ten am Pyrex tubing. The sidearm 
brace, E, was 4 mm solid Pyrex rod. The completed dilatome-
ters were annealed at SSS^C. 
Each dilatometer was fitted with a pipette for the with­
drawal of mercury (Figure 1). The pipette was constructed of 
seven mm glass tubing about 12 in. long. A stainless steel 
tube, N, 5 cm long with a 0.5 mm 0. D. was sealed into the 
bottom of the pipette. & 1/2 in. diameter Plexiglas cylin­
der, M, was cemented to a ring of hard rubber, L, and the pi­
pette body. A circular recess, 3 mm deep, was machined into 
the bottom of the plexiglas ring which fitted over taper G in 
the dilatometer. Thus when the pipette was placed into the 
sidearm of the dilatometer with the plexiglas stop firmly 
seated on taper G, the stainless steel tube, N, just barely 
entered the capillary tube, D, of the dilatometer. In this 
manner the level of the mercury in the sidearm could be ad­
justed to the same height reproducibly. K was a hole in the 
pipette through which the withdrawn mercury could be removed 
easily. This opening was covered with a piece of rubber tub­
ing, J, when in use. The arrangement at I was necessary to 
prevent mercury from being drawn out of the pipette when a 
vacuum was applied to H during withdrawals. Due to the 
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length of the stainless steel capillary inside the pipette, 
several withdrawals could be made before emptying the pi­
pette. 
The volume of the dilatometer was thus defined by the 
bottom surface of the stopcock plug and the end of the capil­
lary tube of the withdrawal pipette. 
3. Filling apparatus 
To avoid the formation of bubbles in the dilatometer 
from the liberation of dissoved air at higher temperatures, 
special precautions had to be taken to keep the water or so­
lution airfree during their addition to the dilatometers. 
This was accomplished by means of a filling apparatus de­
scribed by Jones et al. (60) . A diagram is given in Figure 
2. A and B were connected to a rotary oil forepump and a 
thermocouple vacuum gauge, respectively. A liquid nitrogen 
cold trap, C, could be bypassed through three-way stopcocks D 
and £. The U-tube, G, charged with magnesium perchlorate 
served to trap water distilled from the degassing burette, F. 
The vacuum lines at K and 0 could be opened to the atmos­
phere. Except for 0, £ and 0, all stopcocks were two way 
vacuum stopcocks. The shaded areas were vacuum rubber tub­
ing. 
Either 800 ml of water or 200 ml of solution were added 
to the degassing burette, including the stopcock bore at Q. 
The burette was then attached to the vacuum line, and the 
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Figure 2. Filling apparatus for water and solutions 
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dilatometer, containing approximately 25 mi of mercury, vas 
mounted through lightly greased standard tapers at U and T, 
with the system between H, n and Q at atmospheric pressure* 
With I, O, B and P open, stopcock H was carefully opened, 
applying equal pressure to both arms of the dilatometer. In 
this way, the mercury was kept from being drawn into either 
the body of the dilatometer or the sidearm. After a vacuum 
of less than 5 microns was obtained in the dilatometer, stop­
cocks P and O were closed. With K and Q closed, the water or 
solution was degassed through j, L, N, H, I and H. The air 
dissolved in the water or solution in the bore, Q, of the 
degassing burette is negligible. After degassing, stopcocks 
J, L, M and H were closed. Opening Q, the contents of the 
burette were allowed to flow into the evacuated dilatometer. 
As the dilatometer fills, the mercury rises in the sidearm. 
By admitting a small amount of air into the degassing burette 
through J and K, enough solution or water was drained from 
the degassing burette to fill the dilatometer, and raise the 
level of mercury in the sidearm to just below the ground 
glass ioint, T. This procedure usually left a small bubble 
iust below the stopcock, fi, in the dilatometer. Opening 0 to 
the atmosphere forced the bubble through stopcock B, and the 
level of the mercury in the sidearm was allowed to drop to 
about 2 cm above the capillary. Stopcock B, of the dilatome­
ter, was then closed. 
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The filled dilatometer was then removed from the filling 
apparatus. The grease was removed from the tapers A and G 
with several washings of trichloroethylene and acetone. The 
tube above the stopcock, R, in the dilatometer was emptied of 
the water or solution and rinsed with water followed by ace­
tone, completing the filling of the dilatometer. 
4. Temperature bath and temperature measurement 
Since the temperature of the dilatometers was to be kept 
constant to O-OOIOC for an hour or longer, a temperature bath 
similar to one described by Owen et al. (66), constructed by 
H. M. Gildseth (6), was used. A diagram is shown in Figure 
3. The bath consisted of a large outer bath. A, 30 x 30 x 30 
in., and copper inner bath, B, 15 in. wide, 18 in. long, and 
16 in. deep. Brass trays, F, held the ten dilatometers. The 
inner bath was filled with enough tap distilled water to cov­
er the dilatometers to the brace (Figure 1, E). Stirrers, C, 
circulated the water in the inner bath, and platinum resist­
ance thermometers, D, measured the temperature of the inner 
bath. The inner bath, clad with 1/4 in. transite board to 
reduce the conduction of heat, was supported by an angle iron 
frame such that the top of the inner bath was level with the 
outer bath. Both baths were covered with 3/4 in. plywood, 
cat into sections, such that access to the inner bath was fa­
cilitated. Pyrex tubes, 30 mm in diameter with standard 
tapers on one end, were seated on taper F of the sidearms of 
Constant temperature bath 
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the dilatometers. These tubes protruded about one inch from 
the top of the bath through holes cut into the plywood cover. 
During a withdrawal, the pipettes were placed into the side-
arms of the dilatometers through these tabes, which were left 
in place throughout a run. The tubes were capped between 
withdrawals. The outer bath was stirred with centrifugal 
pumps, J and K. 
Only the temperature of the outer bath was controlled. 
À thermistor, E, having a resistance of 100,000 ohms at 25®C 
and a change in resistance of -5% per degree, was one arm in 
a wheatstone bridge, one of the other arms being composed of 
variable resistances. The bridge could be set to control 
anywhere from 5° to 80oc. The amplified signal from the 
bridge controlled a thyratron tube, which controlled three 
resistance heaters in the outer bath through a magnetic re­
lay. These three heaters (100, 300 and 500 watt), which were 
positioned near the thermistor probe to minimize cycling, 
could be used in any combination required. All of the other 
heaters were continuous resistance heaters, rated at 750 
watts, and were used to raise the temperature of the inner or 
outer bath, or provide constant heat input when controlling 
at higher temperatures. All of the heaters are labeled H in 
Figure 3. from 5° to 20®C, the outer bath was cooled with a 
refrigeration unit, L, which chilled a 10 gallon reservoir of 
water, M. This water was pumped through 30 ft of 1/2 in. 
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soft copper tubing, wrapped around the Inner bath. The unit 
had sufficient cooling capacity, to keep the bath at 5®C or 
less, from 20® to 3 0oc the cooling was provided by passing 
cold tap water continuously through a second set of copper 
coils in the outside bath. Above 30®C an auxiliary bath, G, 
maintained 2®C below the temperature of the outer bath was 
used as a cooling source. This cooling water was circulated 
through the second set of copper coils with centrifugal pump, 
I. The temperature of the inner bath could be held constant 
to within ±0.001®C over the entire temperature range of 5® to 
80°C, for one hour or longer. 
For most of the runs, two calibrated: Leeds and Northrup 
(L&N) platinum resistance thermometers, in conjunction with a 
Model G-2 L&N Mueller bridge, were used to measure the tem­
perature. The bridge, which was calibrated against a L&N 
standard resistor, together with a LGN type HS-228U reflec­
ting galvanometer, provided a 1.5 mm scale deflection per 
0.0001 ohm, which corresponded to 0.001°C. The ice points of 
both thermometers were determined before and after each run. 
The temperatures as measured with the two thermometers agreed 
to within ±0.0005°C over the entire temperature range. 
*By NBS (1953,1959) in terms of the International Prac­
tical Temperature Scale (1948). 
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5. Procedure 
Before the start of a run, the dilatoDeters were cleaned 
according to the following procedure. The dilatoneters were 
rinsed several times with tap distilled water to remove large 
droplets of mercury, and the grease was wiped from tapers and 
stopcocks. After filling with 8N nitric acid, they were al­
lowed to stand overnight immersed in 8N nitric acid to remove 
all traces of metallic mercury. They were next rinsed sever­
al times with tap distilled water, twice with acetone, twice 
with trichloroethylene to remove the grease, and finally 
twice with acetone. They were then dried. After filling 
with hot chromic acid cleaning solution, they were allowed to 
stand for one day, immersed in the hot cleaning solution. 
They were then rinsed five times with tap distilled water, 
filled a sixth time and left to stand immersed in tap dis­
tilled water for one day. After rinsing twice with tap dis­
tilled water and twice with conductance water, the dilatome-
ters were dried by drawing clean, dry air through them for 
about 20 minutes. The stopcocks were then lightly greased, 
taking care not to accumulate grease in the opening to the 
body of the dilatometer. 
The mercury was added to the dilatometers through stan­
dard taper, G, by means of a 70 ml weight burette to which a 
1/16 in. diameter stainless steel tube was attached. The 
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barette was weighed, by difference, on a 1 kg capacity 
Settler Model B-5 single pan balance with a sensitivity of 
0.1 mg. All weights were corrected to weights in vacuum. 
Care was taken so that no air bubbles were left at the 
mercury-glass interface. 
In the calibration with mercury, when the dilatometers 
were completely filled with mercury, two such weighings were 
necessary for each dilatometer. The bore of the stopcock was 
completely filled, and the level in the sidearm was about 2 
cm above the capillary opening. 
For the runs on water and solutions, about 25 ml of mer­
cury were weighed into the dilatometers. Since the weight of 
water or solution had to be known, the dilatometers were 
weighed on the Hettler single pan balance before and after 
the addition of water or solution. For these weighings, the 
dilatometers were wiped with lintless tissue paper moistened 
with acetone, and allowed to stand for 2 hours before each 
weighing. These weighings were repeated until the weights 
became constant to ±0.2 mg. The stopcocks were open during 
the weighing, to egualize the pressure between the inside of 
the dilatometer and the atmosphere. Again, all weighings 
were corrected to vacuus. The dilatometers were then filled 
with water or solution according to the procedure described 
previously. The dilutions were prepared in the degassing 
burette voluoetrically from the stock solution and conductiv­
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ity water, just before a dilatometer was to be filled. Af­
ter the dilatoaeters were filled, they were weighed again on 
the single pan balance by the same procedure as before. Be­
tween the weighings, before and after adding water or solu­
tion, the dilatometers were handled only with nylon gloves to 
avoid as much as possible changing their weight due to sur­
face contamination. 
The dilatometers were then placed in the temperature 
bath, which was controlling at 4° or Soc. The weighed with­
drawal pipettes were placed in the sidearms, and the bath 
came to constant temperature in about 4-5 hours. Withdraw­
als were made by means of rubber tubing attached to H of the 
pipette (Figure 1). A constant pressure of 400±5 mm Hg less 
than atmospheric was maintained throughout a withdrawal by 
means of a vacuum pump, two large carboys and an open end 
manometer. In this way, mercury was withdrawn from the side-
arm until the level fell below the tip of the capillary tube, 
H, in the withdrawal pipette. The temperature of the inner 
bath was measured before and after each withdrawal, the dif­
ference being less than 0.001°C at low temperatures, and not 
more than 0.002*0 at SQOC. The mercury withdrawn was deter­
mined by weight on a magnetically damped, Ainsworth chaino-
matic analytical balance, which had a capacity of 200 g and a 
sensitivity of 0.05 mg. A tare which underwent "withdrawals" 
in a dummy sidearm in the bath (Figure 3, T), was used in 
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these weighings. All weighings were corrected to vacuum. 
The weights used were calibrated by the method of Richards 
(67). 
The temperature of the bath was then raised, and the a-
bove procedure repeated. For the calibrations with mercury, 
withdrawals were made at 7 degree intervals from 4® to 81®C, 
while for the runs on water and solutions, the range was 5® 
to 80OC at 5 degree intervals. 
C. Calibration 
Prior to any runs on solutions, the volumes of the dila­
tometers were determined as a function of temperature. Mer­
cury and water are commonly used for this purpose. Both liq­
uids can be obtained in pure form, and in the case of mercu­
ry, the density is accurately known as a function of tempera­
ture (68). From 0® to 42®C, the densities of water deter­
mined by Chappuis (6 9) are accepted as a standard by the In­
ternational Bureau of leights and Measures. Gildseth (6), 
who had oriqinally intended to calibrate his dilatometers 
with water, found serious disagreement cn the density of wa­
ter above 40®C in the literature. Since these differences 
were larger than the claimed experimental errors, he decided 
to calibrate his dilatometers with mercury, and measure the 
density of water above 40®C. 
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The densities determined by Gildseth (6), from 40° to 
80®C, were not in agreement with those in the literature, ex­
cept for a probably fortuitous agreement with Thiesen*s equa­
tion (70) • From an examination of the various data in the 
literature, Gildseth felt that his were the best densities 
available at the tine. Therefore, to obtain additional evi­
dence for Gildseth's values, the densities of water above 
HQoc were redetermined in this research. In addition, since 
the apparent molal volumes are calculated from the difference 
between the density of water and the density of the solu­
tions, the densities of water used in these calculations 
should be determined on the same water used in preparing the 
solutions, and should be determined by the same method. It 
should be emphasized that the dilatometers used in this re­
search were not the same dilatometers used by Gildseth. The 
new set of dilatometers were calibrated with mercury and the 
density of water determined. Excellent agreement with the 
densities determined by Gildseth was obtained, and the com­
bined data was subsequently published (71). The combined da­
ta on the density of water was then used to refine the volume 
parameters of the dilatometers. The details of these inves­
tigations are given below. 
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1. Calibration of the dilatometers with mercury 
From the weight of mercury required to fill a dilatome-
ter at various temperatures, the volume of the dilatometer 
can be determined. The density values of mercury used in 
this research were determined by Beattie et al. (72). These 
values are considered to be the best available at this time 
(68). Equation 3.3 represents the data of Beattie et al., in 
q/ml, to one part in the 5th decimal place, over the range 0® 
to 350OC, 
d = 13.59546/(1 + at + bt^ + ct^ + dt*) , (3.3) 
where a = 1.814401 x 10-*, 
b = 7.016 X 10-9, 
c = 2.8625 X  10- 1 1  
and d = 2.617 x 10—i*. 
The weight of mercury added to the dilatometers included 
the mercury in the stopcock bore. But, since it did not con­
tribute to the expansion of the mercury in the body of the 
dilatometer, the weight of mercury in the stopcock bore had 
to be subtracted. For this purpose, the volumes of the stop­
cock bores were determined by weighing the amount of mercury 
needed to fill the bores at room temperature. These determi­
nations were made before the stopcocks were incorporated in 
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the dilatoneters. The mean of three to four determinations 
of the volume of each stopcock bore, together with the mean 
absolute deviation are given in Table 2. 
Table 2. Volumes of the stopcock bores of the dilatoneters 
at room temperature, in ml 
Dilatometer Mean Mean absolute 
number volume deviation 
2 0.04607 0.00009 
5 0.05608 0.00009 
7 0.05017 0.00003 
9 0.04511 0.00012 
12 0.04947 0.00002 
13 0.04624 0.00010 
14 0.04552 0.00006 
15 0.04742 0.00009 
16 0.04895 0.00011 
17 0.04490 0.00011 
71 0.04490 0.00011 
10 0.04963 0.00009 
20 0.05812 0.00004 
Three calibration runs with mercury (Hg runs I, II and 
III) «ere made on ten dilatoneters (numbers 2, 5, 7, 9, 12, 
13, 14, 15, 16 and 17) over the range of 4® to 81®C at 70c 
intervals, prior to any runs on water or solutions. Dilatom-
eter 17, which was broken while being cleaned, was recalibra­
ted with mercury (Hg run IV) during the ErCla solution run at 
5°C intervals. This dilatometer was given a new number (no. 
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71). Oilatooeters 10 and 20, which were replacements for 
dilatometers 14 and 16, were calibrated with mercury (Hg run 
V) during the YbClg solution run at 5®C intervals. In addi­
tion, one calibration run with mercury (Hg run VI) from 4® to 
81®C at 7®C intervals, was made on dilatometers 2, 9, 15, 71, 
10 and 20, following the runs on water and solutions. 
from the resistances of the platinum resistance thermom­
eters, the temperature at each withdrawal was calculated, by 
successive approximation, from the equation 
where t is the temperature in ®C, R is the measured resist­
ance, Rg is the resistance at the ice point and A and D are 
constants supplied by the National Bureau of Standards with 
the calibration of the platinum resistance thermometers. The 
volume of each dilatometer at each temperature was calculated 
from the weight of mercury added to the dilatometer, the 
weights of mercury withdrawn, the temperature at withdrawal 
and the density of mercury as calculated from Eguation 3.3. 
For each temperature interval At, the average tempera­
ture, t_„^, and the change in volume divided by the change in 
temperature over that interval, AV/At, were calculated. In 
Figures 4 and 5, the AV/At vs. curves are shown for all 
mercury calibration runs. Owen at (66) and Gildseth (6) 
(3.4) 
Figure 4. Calibration of dilatometers 2, 5, 7, 9, 12, 13 and 
14 with mercury 
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have found AV/At values to be linear with respect to 
and therefore represented the volumes of their dilatometers 
as second order polynomials in temperature. From Figures 4 
and 5, it can be seen that there is a discernible curvature 
in these plots. Therefore, third order polynomials of the 
form 
V = Vg + At + Bt^ + Ct^ , (3.5) 
were obtained for each dilatometer by the method of least 
squares. The volume data from all of the mercury runs were 
combined for each dilatometer and fitted to this equation. 
The temperature derivatives of these equations are shown on 
Figures 4 and 5 as the solid lines. It can be seen that the 
curvature is consistently verified for all the dilatometers. 
This may, of course, reflect the particular experimental en­
vironment of this research, and is not necessarily indicative 
of the cubic expansion of Pyrex. The parameters, of the a-
bove equation are given in Table 3, for each dilatometer. 
The standard deviations for these fits and the number of runs 
with mercury are also tabulated. If the volumes were fitted 
separately for each run, the standard deviations were smaller 
by a factor of ten. The larger standard deviation, when the 
volumes of all runs were fitted to one equation, reflects the 
uncertainty in weighing the mercury into the dilatometer. 
Table 3. Volume parameters for the dilatometers from the mercury calibrations 
Oil. Vg A xlO* B xlO? C xl09 St. dev. No. o 
number (ml) (ml/oc) (ml/°C2) (ml/oc^) (ml) runs 
2 128.8261 12.009 7.24 -2.52 0.0003 4 
5 132.3628 12.232 10. 18 -4.53 0.0001 3 
7 135.2601 12.641 5.41 -0.89 0.0003 3 
9 132.2265 12.348 6.63 -2. 29 0.0005 4 
12 129.1366 12.229 6.82 -1.69 0.0003 3 
13 125.9023 11.705 9.09 -3.59 0.0001 3 
14 131.5917 12.301 7.76 -2.53 0.00003 3 
15 126.5081 11.934 5.78 -1.08 0.0003 4 
16 130.0145 12.27 2 5.42 -0.82 0.0001 3 
17 130.9215 12.236 7.62 -2.54 0.0001 3 
71 130.9999 12.180 11.47 -5.28 0.0001 2 
10 134.5663 12.408 11.98 — 6. 26 0.0001 2 
20 13.442 10.33 
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Therefore the change in volume with temperature vas knovn 
better than the absolute volume by approximately a factor of 
ten. 
2. Calibration of the dilatometers with vater 
The densities of vater determined by Chappuis (69) from 
0° to 42®C, are represented, in g/ml, by the Tilton and 
Taylor equation (73) 
(t-3.9863)^(t+288.9414) (g.g) 
^ ^ 508929.2(t+68.12963) ' 
to one part per million. 
Three runs on water were made vith dilatometers 2, 5, 7, 
9, 12, 13, 14, 15, 16 and 17 from 5o to 80*0 at S^C inter­
vals, prior to the solution runs. The volume of mercury in 
each dilatometer at each temperature was calculated from the 
weight of mercury added to each dilatometer, the weights of 
mercury withdrawn at each temperature and the corresponding 
density of mercury given fay Eguation 3.3, at these tempera­
tures. The volume of water in each dilatometer at each tem­
perature was then calculated from the difference between the 
volume of mercury and the volume of the dilatometer given by 
Eguation 3.5 together with the parameters in Table 3, as de­
termined by the mercury calibrations. The weight of water in 
each dilatometer was calculated from the volume of water and 
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the density of water as calculated from the Tilton and Taylor 
equation, at each withdrawal temperature from 5° to ^0®C. 
The average of these eight calculated weights of water was 
used as the weight of water in the dilatometer, instead of 
the weight obtained by weighing the dilatometer. The latter 
weights of water were only good to about ten parts per mil­
lion, whereas the weights of water determined by the Tilton 
and Taylor densities give weights of water to one part per 
million. This in effect forces the experimental densities to 
agree with the Chappuis densities over the range 5® to 40oc. 
Densities were then computed from the calculated weights of 
water at each temperature from 5° to 80°C. Then at each tem­
perature these densities were averaged for the ten dilatome-
ters. This constitutes a determination of the density of wa­
ter from H0° to 80°C, forced to agree with the densities of 
Chappuis below 40*0. The results for water run 3 are pre­
sented in Table 4. 
The second column contains the mean density obtained 
from all the dilatometers at that temperature, and the third 
column contains the standard deviations of the individual 
densities from the mean. All values in Table 4 are given to 
one more figure than experimentally significant. 
If the experimentally determined weights of water were 
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Table 4. Density of water data", fiun 3 
t Average St. dev. 6 Calculated Diff­
experimental Xl06 xlO* density erence 
density Eg. 3.9 xlO* 
(®C) (g/Bl) (g/ml) (g/ml) (g/ml) (g/ml) 
5.0649 0.9999904 0.5 -0.4 0.9999908 -0.4 
10.0184 0.9997269 0.8 0.4 0.9997265 0.4 
15.0232 0.9991247 0.4 -0.4 0.9991251 -0.4 
19.8720 0.9982598 1.0 -0.1 0.9982599 -0. 1 
24.8781 0.9971062 0.8 -0.1 0.9971063 -0. 1 
30.0156 0.9956736 0.8 0.0 0.9956736 0.0 
34.9582 0.9940780 0.3 0.2 0.9940781 -0. 1 
40.0788 0.9922176 0.9 0.4 0.9922181 —0.6 
44.9464 0.9902682 1.5 2.2 0.9902687 -0.5 
49.8987 0.9881154 1.7 6.2 0.9881155 -0.1 
54.8598 0.9857969 1.8 12.5 0.9857968 -0.1 
60.3736 0.9830388 2.2 21.5 0.9830405 -1.7 
64.7413 0.9807276 3.0 33.5 0.9807295 -1.9 
69.9183 0.9778501 3.9 54. 1 0.9778505 -0.4 
74.9850 0.9748888 4.3 75.6 0.9748916 -2.8 
79.3616 0.9722250 4.8 101.6 0.9722269 -1.9 
"All values are given to one more figure than experi­
mentally significant. 
used in calculating the densities^, the densities were low by 
0.1 ppm for water run 1, and high by 3.2 ppm for water run 3, 
with respect to the densities of Chappuis. This represents 
the change in the density occasion by forcing them to agree 
iThis would constitute an absolute determination of the 
density of water. 
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with Chappuis* data below 40^C. The forced densities of wa­
ter run 2 sere in agreement with runs 1 and 3 within experi­
mental error, but the absolute densities were low by about 70 
ppm. This discrepancy was traced to the absorption of water 
by the nylon stopcock retainers from the constant temperature 
bath during the previous run. Since the weighing of the 
dilatomerers before and after adding water, was separated by 
several days, the loss of water by the stopcock retainers 
daring this time appeared as low weights of water - giving 
rise to low densities. The weight loss of the stopcock, re­
tainers with time was checked after water run 3. From this 
data and the number of days between weighings during run 2, a 
rough correction of 50 ppm was calculated, in approximate 
agreement with the difference observed. Due to the fact that 
an accurate correction could not be made, water run 2 was not 
used farther in this report. Fortunately for all other runs, 
the time between runs was sufficiently long, for the stopcock 
retainers to have come to constant weight. To avoid this 
problem altogether in the subseguent runs, the dilatometers 
were always weighed with a separate set of dry stopcock re­
tainers. 
To represent the densities above the difference, 
6, between the experimental densities of this research, d, 
and the densities as calculated from the Tilton and Taylor 
equation, d (TST), were computed at each temperature. 
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d = d(T&T) + 6 . (3.7) 
These 6 values are presented in column 4 in Table 4, for the 
3rd water run. The 6 values for both runs on water of this 
research are compared to those obtained by Gildseth in Figure 
6. The agreement is very good. 
The Ô values for the two runs on water, and those ob­
tained by Gildseth (6), were fitted with an exponential egua-
tion of the form 
by the method of least sguares. The constants A and B were 
found to be 0.011989 3 q/ml and 377.145 °C respectively. The 
above method of representing the density of water data takes 
advantage of the excellent fit of the Tilton and Taylor equa­
tion up to 40®C, and the fact that 6, calculated from Equa­
tion 3.8, is negligible below 40^C. 6 values, as calculated 
from Equation 3.8, are given in Figure 6. The extended 
Tilton and Taylor eguation 
6 = A exp(-B/t) (3.8) 
, _ T (t-3.9863)'(t+288.9414) 
508929.2 (t+68.12963) 
+ 0.0119893 exp(-377.145/t) , (3.9) 
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Figure 6. Comparison of the density of water data 
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is therefore valid over the range 0® to 80®C and was used 
throughout the rest of this research. Densities calculated 
from Equation 3.9 at the experimental temperatures are given 
Table 4, for the third rua on water. The differences between 
the experimental densities and those calculated from Equation 
3.9 are given in the sixth column. Further details on the 
densities of water determined in this research can be found 
in Gildseth, Habenschuss and Spedding (71). Since the densi­
ties in reference 71 were published, an additional mercury 
run (Hq run VI) was made, and a minor adjustment in the 
Mueller bridge calibration was made. For the densities of 
water presented in this report, these additional data were 
included. The differences between the densities of water re­
ported here and those of reference 71 are not significant. 
From the standard deviations of the experimental densi­
ties in Table 4 it is apparent that small deviations are 
present in the volume parameters of the various dilatometers, 
especially at increasing temperatures. To remove these in­
consistencies, the density of water data was used to refine 
the volume parameters. Taking the density of water from 
Equation 3.9 and the volume of water computed previously, the 
weight of water in each dilatometer was calculated at each 
temperature from 5° to 80®C. The average weight of water was 
then used to compute the volume of each dilatometer at each 
temperature for both water runs. These new volumes were then 
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again fitted to Equation 3.5. The refined volume parameters 
are listed in Table 5. Since dilatometers 71, 10 and 20 were 
replacements for dilatometers broken during solution runs, 
the paraseters for these dilatometers are based only on mer­
cury calibrations. The volume parameters in Table 5 and the 
parameters for dilatometers 71, 10 and 20 in Table 3 were 
used for the solution runs. 
Table 5. Volume parameters for the dilatometers from the 
water calibrations 
Dil. Vo A llO* B xlO? C ilO* St. dev. 
number (ml) (ml/oc) (ml/0C2) (ml/<»C3) (ml) 
2 128.8260 11.870 12.33 -6.34 0.0001 
5 132.3630 12.146 13.17 -7.94 0.0003 
7 135.2601 12.588 6.56 -1.10 0.0002 
9 132.2266 12.395 5.63 -2.89 0.0001 
12 129.1364 12.280 7.39 -2.71 0.0002 
13 125.9021 11.809 7.45 -2.63 0.0001 
14 131.5917 12.248 10,48 -5.04 0.0001 
15 126.5081 11.931 7.29 -3.70 0.0001 
16 130.0147 12.299 4.86 -2.20 0.0001 
17 130.9217 12.189 9.08 -4.72 0.0002 
D. Density of Solutions 
The procedure for the solution runs was the same as that 
for water. The densities of ten dilutions of different con­
centrations could be measured during one run. During the 
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next run, the densities of the remaining five dilations of 
this salt and five dilutions of the next salt were measured. 
Therefore, each salt required one and one-half runs. Only 14 
dilutions of erbium chloride and 13 dilutions of ytterbium 
chloride were measured, since dilatoaeters 71, and 10 and 20 
were being calibrated with mercury during these runs. 
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IV. CALCULATIONS 
The densities of praseodymium, samarium, gadolinium, 
dysprosium, erbium and ytterbium chloride solutions were 
measured from 5® to SO^C at five degree intervals. The con­
centration range vas from 0.1 molal to about 3.5 molal, di­
vided into approximately fifteen dilutions. 
Gildseth (6) determined the densities of lanthanum and 
neodymium chloride solutions from 20° to 80®C, over the same 
concentration range by the same method. In order to clarify 
unusual behavior of the expansibilities at high concentra­
tions, observed by Gildseth, and as a check on the method, 
the densities of ten dilutions of neodymium chloride were 
redetermined in this research. The temperature range for ne­
odymium chloride was also extended to S^C. With the ultimate 
goal of comparing the properties of the various rare earth 
salts, the data obtained by Gildseth on lanthanum and neodym­
ium chloride was treated in the same manner as the data from 
this research. In addition to treating the data on neodymium 
chloride obtained by Gildseth and this research separately, 
the results for the combined neodymium data were also calcu­
lated. 
From a knowledge of the densities of the solutions as a 
function of temperature, together with their concentrations, 
one can calculate the coefficient of thermal expansion, the 
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apparent and partial molal volumes and the apparent and par­
tial molal expansibilities of the solutions. 
All calculations in this research were made on an IBM 
system 360/65 computer. Double precision (14 significant 
digits) was used throughout, with no rounding of intermediate 
values. An error analysis of the results and a discussion of 
the extensive least sguares fits employed in this research 
are deferred to the next chapter. 
A. Densities and Coefficient of Thermal Expansion 
The density of each solution was calculated from the 
weight of solution in the dilatometer and the volume of the 
solution at various temperatures. The volume of the solution 
was obtained as the difference between the volume of the dil­
atometer at these temperatures and the volume of mercury in 
the dilatometer. The volume of the dilatometer was calcula­
ted from Eguation 3.5, together with the parameters in Tables 
3 and 5. The volume of mercury was calculated from the 
weight of mercury intially added to the dilatometer, the 
weights of mercury withdrawn at various temperatures, and the 
density of mercury calculated from Equation 3.3. 
Since the solutions were degassed to avoid the formation 
of bubbles in the dilatometers from the liberation of dis­
solved air at higher temperatures, the concentrations had to 
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be determined after the density measurements were completed. 
This vas done by comparing the densities, at exactly 25°C, of 
this research to the densities measured by Saeger (74,28) and 
Spedding and Brown (75). Saeger determined the densities of 
lanthanum, neodyoium, samarium, gadolinium, dysprosium, erbi­
um and ytterbium chlorides by a pycnometric method, to a few 
parts in the 5th decimal place, at 25°C, from 0.02 molal to 
saturation. The densities of praseodymium chloride, at 25oc, 
were determined by Spedding and Brown over the same concen­
tration range, by the same method. Since these pycnometer 
densities were determined at only one temperature, the solu­
tions did not have to be degassed, and they could obtain the 
relative concentrations of their dilutions by weighing the 
required amounts of a stock solution and water. They ob­
tained the absolute concentration of their stock solution by 
chemical analysis. The densities and molalities of the solu­
tions determined, by Saeger, and Spedding and Brown were 
fitted to polynomials of the form 
6 . 
d = 2 D.mJ . (4.1) 
j=0 ] 
Therefore, given the density of a solution at 25®C, its con­
centration can be calculated from Eguation 4.1 by an itera­
tion method. The coefficients, Djf of Equation 4.1 are lis­
ted in Table 6 for the various salts. 
Table 6. Pycnometer density parameters corresponding to Equation 4.1 
Salt Do Dx -Da xioz D3 xlO^ -D4 xlQs D; xlO* -De xlQs 
laCl, 0.9971463 0.224765% 1.549704 2.118559 0.663701 1.372550 1.116275 
PrClg 0.9971206 0.2309003 1.650050 4.266342 1.964246 4.597113 4.051660 
NdCl, 0.9971404 0.2349129 1.518050 2.908502 1.247284 2.757830 2.316714 
SBCI3 0.9971258 0.2401368 1.560488 3.809846 1.707996 3.781310 3.253319 
GdClg 0.9971370 0.2448431 1.523724 2.825025 1.147799 2.577755 2.370181 
DyClj 0.9971312 0.2508004 1.614553 3.346182 1.538973 3.911408 3.901233 
ErCl, 0.9971323 0.2572457 1.622040 3.772757 1.844123 4.569022 4.254346 
YbClj 0.9971291 0.2651976 1.672022 4.711355 2.348788 5.582205 4.916129 
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To determine the densities of the solutions of this re­
search at exactly 25°C, the densities were fitted to polyno­
mials of the form 
5 i 
d = E C.t^ . (4.2) 
i=0 1 
Equation 4.2 also serves to accurately represent the densi­
ties as a function of temperature. The coefficients C^, of 
Equation 4-2 are listed in Table 7 for the veœious salts. 
From Equation 4.2, the density at exactly 25®C was calculated 
for the various dilutions, and the molality calculated from 
Equation 4.1 for the appropriate salt. In Tables 8 throuqh 
16 the experimental temperatures, in ®C, and the experimental 
densities, in q/ml, are listed in the first two columns, and 
the difference, in q/ml, between the experimental densities 
and densities calculated from Equation 4.2 are listed in col­
umn three. Ee^ected points not used in the least squares fit 
are denoted by an asterisk in Tables 8 throuqh 16. The con­
centrations of the various dilutions, calculated from Equa­
tions 4.2 and 4.1, are also tabulated. 
The coefficient of thermal expansion was calculated from 
the temperature derivative of Equation 4.2. The experimental 
densities were used in the 1/d term. The values of a, in 
1/deq, are listed in Table 8 throuqh 16, in the fourth col­
umn. 
Table 7, Density parameters corresponding to Equation 1.2 
C o  Cl KlO* Cz xlO* 
lanthanum chloride, based on 
0. 063471 1 .01463145 0. 2546750 
-7. 3813261 
0. 11651 1 .02671093 0. 0691507 
-7. 0387587 
0. 31192 1 .07048676 
-0. 6009778 
-5. 8414764 
0, 65314 1 .14416605 
-1. 5751906 -4. 3272165 
0. 91541 1 . 19863839 
-2. 2645271 -3. 1510419 
1. 2370 1 .26284920 
—2. 8487090 
— 2. 4819072 
1. 5619 1 .32516973 -3. 3944634 
-1. 6766455 
1. 7910 1 .36747432 —3. 5447568 
-1. 9773960 
1. 9840 1 .40235590 
-3 . 8873434 
-1. 1050107 
2. 3367 1 .46380794 
-4. 1486627 
-1. 0907028 
3. 0675 1 .58313672 
-4. 5219773 
-1. 1091353 
3. 3901 1 .63282195 
-4. 7792392 
-0. 4874313 
Ca xlOa Cl» xlOio Cs Xl0»3 
Gildseth's data 
5 . 1789318 
- 3. 1278183 8. 931474 
4 .7465868 
- 2. 7424076 7. 455704 
3 .4536571 
-1. 8051021 4. 383343 
2 . 1828882 
-1. 1235763 2. 713195 
1 .0292357 
-0. 4113619 0. 713464 
0 .7790226 
-0. 4926027 1. 563907 
-0 .0075008 0. 0808684 
-0. 554345 
1 .0548768 
-1. 0658503 3. 941007 
-0 .5799145 0. 6183782 
- 2. 952008 
-0 .1064046 
-0. 0719382 0. 158640 
0 .2743979 -0. 7047011 3. 120869 
-1 .2098869 0. 7892438 
-2. 589976 
praseodymium chloride 
0. 10059 1 .02363972 0. 2092452 -7. 5939222 5 .8414459 
0. 24985 1 .05821032 -0. 3561488 
-6. 5282675 4 .5301793 
0. 42534 1 .09800011 -0. 9670740 
-5. 4581274 3 .3551378 
0. 63052 1 .14340396 
-1. 5936216 
-4. 4417808 2 .3016225 
0. 85426 1 .19163555 
— 2 • 1913319 — 3 . 5407267 1 .4302547 
1. 0718 1 .23729 342 
—2. 6864212 
- 2. 8988751 0 .9570060 
1. 3192 1 .28778330 
— 3 • 1760599 
-2. 2911292 0 .4399533 
1. 5793 1 .33925857 
-3. 6231179 -1. 7691754 -0 .0241478 
1. 8419 1 .38958497 
-3. 9949844 
-1. 4953000 0 .0396841 
2. 1350 1 .44381802 
-4. 3587904 
-1. 1682574 -0 .3532733 
2. 4606 1 .50180971 
-4. 6783293 
-1. 0497117 -0 .3307987 
2. 6963 1 .54235645 

























Table 7. (Continued) 
œ Co Cl xlO* Cz xlO* 
—  — — —  —  —  
2. 9991 1 .59286147 
-5. 0835494 
-1 .0421215 
3. 2959 1 .64068061 -5. 2637500 
-1 .1603514 
3. 6233 1 .69150008 -5. 4749317 
-1 .3095189 
neodymium chloride. based oi 
0. 10499 1 .02516479 0. 1177470 
-7 .1440835 
0. 29892 1 .07085952 
-0. 6661109 
-5 .6937700 
0. 61510 1 .14287823 
-1. 5968453 
-4 .4769109 
0. 90093 1 .20575435 
— 2 . 3745926 -3 .3025697 
1. 3173 1 .29370290 -3. 3370447 
-1 .9225506 
1. 6812 1 .36695854 -3. 8598137 
-1 .9003902 
2. 0853 1 .4447 1 4 5 5 
-4. 4636639 
-1 .2265143 
2. 2675 1 .47849940 -4. 6141332 
-1 .5384826 
2. 7082 1 .55720452 
-5. 1031821 
-1 .1297488 
2. 7550 1 .56482937 -4. 5784909 
-3 .5603282 
3. 4149 1 .67480871 -5. 5832415 
-1 .6671785 
neodymium chloride, tl 
0. 10108 1 .02419150 0. 2073019 
-7 .6043716 
0. 50654 1 .11841205 
-1. 2434933 -5 .0566242 
0. 91022 1 .20774472 
—2. 3638047 
-3 .4621823 
1. 3059 1 .29129294 -3. 2296259 
-2 .3880091 
1. 7019 1 .37106794 -3. 9302125 
-1 .6431239 
2. 0909 1 .44578102 
-4. 4608750 
-1 .3365936 
2. 4915 1 .51906250 
-4. 9140374 
-1 .1204624 
2. 9045 1 .59093079 
-5. 2855209 
-1 .1004633 
3. 1855 1 .63777907 -5. 5031909 
-1 .1336159 
3. 3601 1 .66610639 -5. 6244461 
-1 .2802325 











































































Table 7, (Continued) 
Co Ci xlO* Cz xlO* C3 xlOa Ci, xlQio Cs x10»3 
samarium chloride 
0. 098490 1 .02402277 0. 2485397 
-7. 6898897 5 .9689564 
0. 23601 1 .05718974 
-0. 2567185 —6 • 7427384 4 .8146576 
0. 40942 1 .09825101 
-0. 8596207 -5. 6564394 3 .5371794 
0. 59909 1 .14222725 
-1. 4290721 -4. 8341417 2 .8254116 
0. 79726 1 . 18721899 
-1. 9929930 -3. 9828469 1 .9310287 
1. 0194 1 .23652408 
-2. 5616917 -3. 2302633 1 .2581304 
1. 2623 1 .28911299 -3. 1178433 -2. 6047842 0 .7946744 
1. 5089 1 .34109687 
-3. 6437716 
—2. 0376761 0 .2539411 
1. 7430 1 .38913208 
-4. 0999565 -1. 6516263 0 .0468825 
2. 0041 1 .44120455 
-4. 5566395 -1. 3892761 -0 .0562744 
2. 26 97 1 .49257056 
—5. 0023789 
-1. 1509572 -0 . 1638364 
2. 5663 1 .54798810 -5. 4248219 -1. 2080986 0 .3637362 
2. 8531 1 .59972706 
-5. 8548665 -0. 9524693 
-0 .1465279 
3. 1436 1 .65021176 — 6. 2302979 -0. 9844825 0 .1517212 
3. 4579 1 .70266411 -6. 6142880 
-1. 0295537 0 .5669008 
gadolinium chloride 
0. 097765 1 .02425616 0. 2758067 
-7. 6734536 5 .8841567 
0. 23685 1 .05835208 -0. 1760949 -6. 8060087 4 .8586871 
0. 41052 1 .10015934 -0. 7157446 -5. 7776887 3 .6181038 
0. 58944 1 .14234648 -1. 1973871 
-4. 9960312 2 .8626389 
0. 78425 1 .18735063 
-1. 6964849 -4. 1513422 1 .9168787 
0. 99472 1 .23488071 
-2. 1474280 — 3 « 5650861 1 .5178581 
1. 2239 1 .28542846 
—2 . 5998168 -3 . 0382651 1 .2578821 
1. 4444 1 .33292566 
-3. 0157589 
- 2 m  5000532 0 .6977853 
1. 7108 1 .38882098 
-3. 4640606 

















































Table 7, (Continued) 
m Co Cl xlO* Cz Xl06 C 3 xlOa Cl, xlOio Cs X1013 
1. 9407 1 .43577414 -3. 8314669 -1.8037619 0. 3793907 -0. 1656110 0. 275015 
2. 1911 1 .48558827 -4. 2322658 -1.4446984 0. 0048709 0. 2022186 -1. 264801 
2. 4577 1 .53712212 -4. 6290203 -1.1707200 -0. 2546238 0. 5322257 -2. 957720 
2. 7232 1 .58689851 -4. 9807392 -1.1311474 0. 1534688 -0. 0162457 -0. 495735 
3. 0085 1 .63865039 -5. 3566042 -0.9534656 0. 0994950 0. 0768123 -1. 148500 
3. 2635 1 .68334074 -5. 6578176 -0.8753316 0. 3259853 -0. 2602368 0. 429757 
dysprosium chloride 
0. 099896 1 .02537865 0. 2614885 -7.6623396 5. 9131414 -3. 8798058 11. 798887 
0. 24062 1 .06067477 -0. 1928115 -6.8602664 5. 1580655 -3. 4771508 11. 051814 
0. 40211 1 .10045528 -0. 7057114 -5.8500031 3. 8596032 — 2. 3802626 7. 008716 
0. 58323 1 .14416783 -1. 2138923 -4.9638146 2. 9229905 -1. 7275444 5. 000237 
0. 77347 1 .18910270 -1. 6979713 -4.1186724 1. 97 08660 -0. 9715975 2. 260283 
0. 98284 1 .23742969 — 2 . 1536680 -3.4171456 1. 3194093 -0. 5261317 0. 772295 
1. 2040 1 .28724243 -2. 5785920 -2.8147938 0. 8614844 -0. 3167836 0. 463207 
1. 4377 1 .33855365 -2. 9642586 -2.3327925 0. 5350611 -0. 1595943 0. 112511 
1. 6713 1 .38848776 -3. 3107513 -1.9213565 0. 2570541 -0. 0123802 -0. 300756 
1. 9291 1 .44209456 -3. 6436469 -1.5844330 0. 0594983 0. 1029489 -0. 738770 
2. 1896 1 .49469761 -3 . 9500837 -1.2579733 -0. 2649167 0. 4255658 -2. 207609 
2. 4513 1 .54600034 -4. 2042084 -1.0691732 -0. 3583766 0. 5040151 — 2. 587992 
2. 7203 1 .59712808 -4. 4081913 -1.0300477 -0. 1489699 0. 2461876 -1. 634081 
2. 9640 1 .64208487 -4. 5786697 -0.8823001 -0. 3478988 0. 4855118 -2. 752726 
3. 2868 1 .69948213 -4. 7276392 -0.8687502 -0. 2071348 0. 3109954 -2. 095337 
erbium chloride 
0.094236 1 .02457636 0. 2719066 -7.7020413 5. ,9715288 -3. ,9312646 11. ,987649 
0. ,23873 1 .06181139 -0. ,2319683 -6.7274698 4. ,7848228 -3. ,0067448 8. ,891686 
Table 7. (Continued) 
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Table 8. d, a, and (j)^, for lanthanum chloride (Gildseth) 
t d Ad a <|)y A<l'v 
xlO® xlO^ xlO^ xlQ: 
m = 0.063471 
20.128 1.012527 -0.5 2.155 19.008 6.2 11.82 
25.052 1.011338 1. 3 2.618 19.455 -16.3 7.32 
30.034 1.009908 -0.6 3.050 19.741 7.7 3.28 
34.999 1.008279 0-0 3.450 19.803 -3.2 -0.25 
39.980 1.006451 -2.1 3.825 19.747 32.1 
45.070 1.004404 1.9 4. 186 19.446 -28.0 -6.06 
49.931 1.002282 0.9 4.513 19.111 -12.4 -8.33 
54.998 0.999908 -0.3 4.838 18.653 6.0 -10.43 
60.316 0.997251 -0.8 5.166 18.048 10.9 -12.48 
65.456 0.994528 -0. 5 5.471 17. 351 5.3 -14.44 
70.331 0.991813 0.4 5.750 16.588 -6.4 -16.42 
74.816 0.989203 0.5 5.999 15.807 -5.7 -18.49 
79.571 0.986324 -0.3 6.253 14.878 3.8 -21.07 
B = 0.11651 
20.091 1.024351 -0.1 2.213 20.045 -0.0 12.02 
25.042 1.023115 0.3 2.659 20.535 -0.6 7.89 
30.043 1.021647 -0.5 3.075 20.840 3.4 4.22 
34.954 1.020010 0.5 3.455 20.958 -5.5 1.02 
39.976 1.018147 -0.2 3.819 20. 941 0.9 -1.89 
44.909 1.016145 -0.9 4. 156 20.791 8.4 -4.45 
50.118 1.013860 1.6 4.493 20.474 -12.4 -6.90 
55.017 1.011553 -0.7 4.796 20.102 6.4 -9.03 
60.044 1.009042 -0.3 5.094 19.591 1.9 -11. 10 
64.961 1.006448 0. 2 5.375 18.991 -3.3 -13.07 
69.720 1.003813 -0.0 5.639 18.328 0.2 -14.97 
74.790 1.000878 0. 1 5.912 17.517 1.1 -17.05 
79.387 0.998106 -0.0 6.152 16.687 -0.4 -19.03 
m = 0.31192 
20.091 1.067173 -0.2 2.422 22. 297 0. 3 11.57 
25.042 1.065795 0.7 2.798 22. 773 -1. 5 7.83 
30.043 1.064208 -0.8 3.151 23. 084 2. 3 4. 51 
34.954 1.062478 0. 1 3.477 23. 230 -0. 8 1.62 
39.976 1.060539 0.1 3.791 23. 244 -0. 4 -1,02 
44.909 1.058481 0.3 4.084 23. 135 -0. 7 — 3.36 
50. 118 1.056150 0.1 4.379 22. 901 0. 1 '—5.63 
55.017 1.053817 -0.4 4.644 22. 577 1. 3 — 7.61 
Table 8. (Continued) 






xlO® xlO^ xlO* xlO* 
60.044 1.051290 -0.0 4.907 22.144 -0.3 -9.53 
64.961 1.048692 -0.3 5.156 21.632 0.5 -11.31 
69.720 1.046065 0.9 5.391 21.051 -2.7 -12.99 
74.790 1.043143 — 0.6 5.635 20.353 2.5 -14.71 
79.387 1.040393 0. 1 5.852 19.639 -0.7 -16.23 
m = 0.65314 
20.091 1.139414 -0. 1 2.707 25.181 0.0 10.31 
25.042 1.137809 0.3 2.986 25.610 -0. 1 7.09 
30.043 1.136035 -0. 1 3.253 25.891 -0. 0 4.20 
34.954 1. 134151 — 0.6 3.502 26.035 0.5 1.68 
39.976 1.132090 0.6 3.746 26.059 -0. 9 -0.63 
44.909 1.129934 -0.3 3.976 25.978 0.6 -2.69 
50.118 1.127528 0.4 4.21 1 25.784 -0. 3 -4.68 
55.017 1.125144 -0.3 4.425 25.513 0.4 -6.41 
60.044 1.122584 -0.0 4.639 25.147 -0. 2 -8.08 
64.961 1.119970 -0. 1 4.843 24.712 -0.0 -9.63 
69.720 1.117340 0. 2 5.037 24.219 -0.3 -11.06 
74.790 1.114432 -0.0 5.241 23.622 0.3 -12.53 
79.387 1.111704 -0.0 5.423 23.016 -0. 1 -13.81 
m = 0.91541 
20. 107 1.192888 -0. 4 2.867 27.008 0. 3 9.38 
25.089 1.191121 0.6 3.086 27.399 -0. 4 6.41 
30.074 1.189227 0.6 3.298 27.651 — 0.6 3.78 
35.051 1.187213 -C.9 3.504 27.782 0.8 1.45 
40.003 1.185098 —G. 6 3.702 27.801 0.6 -0.62 
44.961 1.182885 16.9* 3.896 27.706 -15. 9 -2.50 
49.843 1.180578 14.7* 4.083 27.544 -13.8 -4.19 
54.999 1.178026 2. 1 4.276 27.297 -1. 9 -5.84 
60.157 1.175370 -0.2 4.466 26.958 0. 1 -7.38 
65.201 1.172669 -2.0 4.650 26.551 1.8 -8.80 
70.185 1.169904 -0.9 4.829 26.077 0.9 - 10.14 
74.861 1.167223 2.5 4.995 25.572 —2 . 3 -11.35 
79.741 1.164329 -0.9 5. 167 24.991 0. 8 -12.55 
m = 1.2370 
20.128 1.256166 -0.2 3.000 28.940 0. 1 8.29 
25.052 1.254260 0.3 3.168 29.284 -0.0 5.74 
86 
Table 8. (Continued) 
Ad a 4>y A<|)^ 
xlO® xlO" xlO® xlQ: 
30.034 1.252230 0.1 3.335 29.511 -0. 1 3.43 
34.999 1.250108 0.6 3.498 29.629 -0.5 1.38 
39.9S0 1.247879 -2.5 3.659 29.653 1.6 -0.48 
45.070 1.245509 1.5 3.821 29.582 -0.9 "2^20 
49.931 1.243151 0.7 3.975 29.438 -0.4 -3.70 
54.998 1.240599 0.1 4.134 29.214 -0.1 -5.15 
60.316 1.237819 -0.7 4.299 28.902 0.4 -6.57 
65.456 1.235036 -0.7 4.458 28.531 0.4 -7*87 
70.331 1.232312 0.5 4.608 28. 117 -0.3 "S'O* 
74.816 1.229730 0.4 4.745 27.689 -0.1 -10.08 
79.571 1.226916 -0.2 4.889 27. 184 0. 1 -11.15 
m = 1.5619 
20.128 1.317658 -0.4 3.087 30.637 0.1 7.39 
25.052 1.315616 C. 9 3.217 30.943 -0.3 5. 12 
30.034 1.313466 -0.1 3. 348 31. 147 -0.0 3.07 
34.999 1.311241 -0.0 3.478 31.252 -0.1 1.23 
39.980 1.308927 -2.2 3.610 31.273 1. 1 -0.42 
45.070 1.306483 1.4 3.745 31.210 -0.6 -1.96 
49.931 1.304066 1.4 3.874 31.081 -0.6 -3.31 
54.998 1.301463 -0.1 4.009 30.881 0. 1 -4.61 
60.316 1.298641 -1.0 4. 151 30.602 0.-J -5.88 
65.456 1.295827 -1.1 4.290 30.270 0.5 -7.04 
70.331 1.293080 1.2 4.423 29.900 -0.7 -8.07 
74.816 1.290481 0.1 4.547 29.518 0.1 -8.98 
79,571 1.287653 -0.2 4.679 29.069 Od -9.90 
m = 1.7910 
20.091 1.359624 0.0" 3.121 31.713 -0.1 6.82 
25.042 1.357485 0.1 3.238 31.999 0.1 4.76 
30.043 1.355248 -0.6 3.355 32.189 0.2 2.88 
34.954 1.352981 0.6 3.469 32.288 -0.4 1.21 
39.976 1.350586 0.2 3.585 32.310 -0. 1 -0.33 
44.909 1.348161 -0.3 3.700 32.259 0.2 -1.72 
50.118 1.345522 -0.2 3.823 32. 134 0.2 -3.06 
55.017 1.342965 -0.2 3.941 31.955 0.1 -4.23 
60.044 1.340267 0.4 4.063 31.713 -0.3 -5.35 
64.961 1.337553 0.5 4.184 31.424 -0.3 -6.39 
69.720 1.334854 -0.9 4.302 31.098 0.4 -7.34 
74.790 1.331903 0.4 4.429 30.701 -0.1 -8.31 
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Table 8. (Continued) 
t d Ad a 
1 1 1 
A(J)v 
•E 
xlO* xlO* xlO' xlO^ 
79.387 1.329158 -0. 1 4.544 30.300 -0.0 -9.16 
m = 1.9840 
20.107 1.394055 0.0 3.145 32.558 -0.1 6.40 
25.089 1.391837 0.0 3.24 6 32.827 0. 1 4.44 
30.074 1.389551 — 0. 6 3.349 33.004 0.2 2.69 
35.051 1.387202 1. 1 3.454 33.097 -0.5 1.11 
40.003 1.384794 0. 1 3.560 33. 117 -0.1 -0.31 
44.961 1.382315 —0. 6 3.666 33.070 0.3 -1.61 
49.848 1.379804 -1.3 3.773 32.962 0.6 -2.79 
54.999 1.377087 1. 1 3.887 32.787 -0.4 -3.95 
60.157 1.374288 1.8 4.003 32.554 —0. 8 -5.04 
65.201 1.371473 -1.8 4.119 32.276 0.6 -6.03 
70.185 1.368621 -0.9 4.237 31.952 0.4 -6.96 
74.861 1.365879 1. 4 4.351 31. 607 -0.5 -7.78 
79.741 1.362939 -0.4 4.475 31.208 0. 1 -8.58 
m = 2.3367 
20.091 1.455023 0. 1 3.163 33.969 -0. 1 5.72 
25.042 1.452715 0.0 3.249 34.210 0.1 4.01 
30.043 1o 450325 -0.5 3.337 34.370 0. 1 2.45 
34.954 1.447919 0. 1 3.426 34.456 -0. 1 1.07 
39.976 1.445397 1.1 3.520 34.477 -0.4 -0.21 
44.909 1.442854 — 0.6 3.615 34.438 0.2 -1.36 
50. 118 1.440101 -0.5 3.717 34.338 0.2 -2.47 
55.017 1.437446 -0.4 3.817 34.193 0. 1 -3.44 
60.044 1.434655 0.9 3.921 33.996 -0.4 -4.37 
64.961 1.431854 -0.2 4.026 33.760 -0.0 -5.23 
69.720 1.429078 0. 1 4.131 33. 492 -0.0 -6.01 
74.790 1.426045 -0. 4 4.245 33.167 0.2 -6.81 
79.387 1.423231 0.2 4.352 32.838 -0. 1 -7.49 
m = 3.0675 
20.091 1.573615 -0.3 3.149 36.444 0.0 4.64 
25.042 1.571137 1.4 3.223 36.640 -0.2 3.30 
30.043 1.568572 -2.5 3.301 36.775 0.6 2.09 
34.954 1.566006 2.0 3.380 36.850 -0.5 1.01 
39.976 1.563313 -1.5 3.465 36.876 0.3 0.01 
44.909 1.560613 1.7 3.552 36.853 -0.4 -0.88 
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Table 8. (Continued) 
t d Ad a 
*V 
xlO® xlO" Xl03 xlO^ 
50-118 1.557687 0.3 3.649 36.785 -0.0 -1.74 
55.017 1.554 867 -2. 2 3.743 36.682 0. 5 -2.49 
60.044 1.551908 0.6 3.843 36.538 -0.2 -3.20 
64.961 1.548940 0.4 3.945 36.364 -0. 1 -3.86 
69.720 1.545998 1.1 4.046 36.166 -0.3 —4 . 46 
74.790 1.542785 -1.4 4. 156 35.925 0.4 -5.07 
79.387 1.539806 0.5 4.257 35.680 -0. 1 -5.60 
m = 3.3901 
20. 128 1.622919 0. 1 3. 142 37.375 -0.0 4.30 
25.052 1.620 381 -0. 8 3.213 37.557 0.2 3. 10 
30.034 1.617761 2.2 3.291 37.683 -0.5 2.00 
34.999 1.615082 -2. 2 3.374 37.759 0.4 1.03 
39.980 1.612337 -0.4 3.461 37.787 0. 1 0. 15 
45.070 1.609463 1.4 3.554 37.774 -0.3 -0.67 
49.931 1.606649 1.2 3.646 37.724 -0.2 -1.38 
54.998 1.603640 -1.9 3.746 37.636 0.4 -2.07 
60.316 1.600405 -0.3 3.853 37.508 0.0 -2.75 
65.456 1.597195 0.7 3.960 37.351 -0.2 -3.35 
70.331 1.594075 0.9 4.064 37.174 -0.2 -3.90 
74.816 1.591135 -1. 1 4. 163 36.988 0.3 -4.38 
79. 571 1.587949 0.3 4.271 36.768 -0.1 -4.86 
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Table 9. d, a, 4»^ and for praseodymium chloride 
t d Ad a ty A({.^ Og 
xlû® xlO* xlQ: xlO^ 
m = 0.10059 
5.063 1.023557 -1.0 0.505 12. 676 
00 o
 1 31.77 
10.001 1.023146 2.0 1. 123 14. 062 1.1 24.52 
15.009 1.022423 C.6 1.687 15. 129 -1.1 18.35 
20.039 1.021420 -1.6 2. 197 15. 923 4.4 13. 15 
24. 867 1.020226 -1.1 2.644 16. 446 -2.4 8.91 
29.967 1.018738 -0. 3 3.076 16. 801 -1.7 5.08 
34.896 1.017099 1.0 3.462 16. 968 -3.7 1.85 
40.009 1.015202 1. 1 3.835 16. 991 1.0 -1.12 
44. 936 1.013200 0.6 4.174 16. 873 3. 1 -3.71 
49.840 1.011048 -0.2 4.494 16. 631 2.6 — 6.12 
54.807 1.008714 -0.9 4.804 16. 267 0.4 -8.42 
60.376 1.005924 -1.7 5. 138 15. 733 4.7 -10.90 
65.051 1.003449 0.5 5.409 15. 161 -10.9 -12.89 
70.119 1.000631 1.7 5.692 14. 456 -9.0 -14.97 
75.041 0.997764 — 0.6 5.957 13. 701 20.3 —16.87 
79.578 0.995018 -0. 1 6. 192 12. 871 — 8.0 -18.47 
m = 0.24985 
5.063 1.057868 0.1 0.930 14.758 -4.7 29.91 
10.001 1.057243 -0.5 1.453 16.081 10.4 23.27 
15.009 1.056345 0. 3 1.936 17.091 1.0 17.61 
20.039 1.055200 2. 1 2.378 17.839 -12.8 12.83 
24.867 1.053884 -2.0 2.768 18.377 2.4 8.93 
29.967 1.052296 -0.4 3.149 18.737 -0.2 5.38 
34.896 1.050573 — 0. 8 3.492 18.933 5.4 2.39 
40.009 1.048610 0.6 3.826 18.981 2.5 -0.36 
44.936 1.046557 1.7 4. 130 18.897 -2.8 -2.78 
49.840 1.044365 0.4 4.418 18.707 -1.4 -5.01 
54.807 1.042000 -1.5 4.699 18.409 2.5 -7. 13 
60.376 1.039191 0.3 5.001 17.940 -5.9 -9.38 
65.051 1.036703 -1. 2 5.248 17.468 2.6 -11.16 
70.119 1.033883 0.8 5.508 16.854 0.1 -12.97 
75.041 1.031021 0.8 5.753 16. 178 2.5 -14.56 
79.578 1.028280 -0.5 5.974 15.484 — 1.6 -15.82 
m = 0.42534 
5.063 1.097374 -0.7 1.362 16.686 -1.1 27.88 
10.001 1.096520 1. 5 1.793 17.912 1.6 21.83 
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Table 9. (Continued) 
t d Ad a 
*V •E 
xlO® xlO* xlO* xlO^ 
15.009 1.095423 -0.0 2.194 18.871 1.2 16.64 
20.039 1.094110 -0.7 2.567 19.592 -1.3 12.24 
24.867 1.092666 -1.1 2.900 20.094 -1.0 8.62 
29.967 1.090960 -0. 3 3.228 20.448 -0.4 5.34 
34.896 1.089146 1.0 3.527 20.641 —0.6 2,56 
40.009 1.087102 1.3 3.819 20.706 -0.1 0.00 
44.936 1.084984 -0.3 4.088 20.653 2.9 -2.23 
49.840 1.082742 -0.5 4.345 20.491 1.3 -4.28 
54.807 1.080341 -0.1 4.595 20.227 -1.7 -6.23 
60.376 1.077497 -1.0 4.866 19.822 -0. 6 -8.30 
65.051 1.074994 0.4 5.088 19.394 -2.2 -9.94 
70.119 1.072163 1.2 5.322 18.849 -0.7 -11.62 
75.041 1.069297 -0.7 5.544 18.245 4.9 -13.13 
79.578 1.066563 0. 1 5.745 17.613 -2.4 -14.37 
m = 0.63052 
5.063 1.142486 -0.5 1.774 18.618 -1. 1 25.50 
10.001 1.141389 1.1 2.118 19.743 1.9 20.09 
15.009 1.140083 -0. 1 2.445 20.628 0.9 15.43 
20.039 1.138593 -0.4 2.752 21.299 -1.3 11.44 
24.867 1.137004 -0.9 3.029 21.770 -0.9 8.15 
29.967 1.135169 0.0 3.307 22.107 -0.8 5.14 
34.896 1.133250 1. 1 3.561 22.296 -0.6 2.59 
40. 009 1.131114 0.6 3.814 22.369 1.0 0.23 
44.936 1.128923 -0.7 4.047 22. 330 2.5 -1.82 
49.840 1.126624 -0.1 4.272 22.192 0.3 -3.71 
54.807 1.124174 -0. 3 4.492 21.961 -1.0 -5.50 
60.376 1. 121289 -0.7 4.732 21.602 -0.9 -7.39 
65.051 1. 118761 1.0 4.930 21.220 -2.3 -8.89 
70.119 1.115910 0.5 5.140 20.733 0.5 -10.41 
75.041 1.113034 -0.9 5.340 20.189 3.6 -11.78 
79.578 1.110295 0.3 5.523 19.623 -1.9 -12.91 
m = 0.85426 
5.063 1.190437 —0. 6 2.133 20.437 -0.7 23.22 
10.001 1.189105 1. 1 2.404 21.464 1.3 18.39 
15.009 1.187594 0.2 2.666 22.276 0.4 14.20 
20.039 1.185927 -0.5 2.916 22.896 -0.9 10.60 
24.867 1.184192 -1.0 3.145 23.334 -0. 6 7.61 
29.967 1.182225 -0.4 3.377 23.652 -0.2 4.87 
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Table 9. (Continued) 
t d Ad a 
xlO* xlO* xio' xlO* 
34.896 1.180198 0.9 3.592 23.833 -0.2 2.54 
40.009 1.177966 0. 8 3.808 23.907 0.6 0.38 
44.936 1.175700 0.5 4.009 23.879 0.6 -1.51 
49.840 1.173333 -0.9 4.204 23.762 1. 0 -3.24 
54.807 1.170830 -0. 1 4.397 23.558 -0.9 -4.88 
60.376 1.167896 -1.2 4.609 23.239 -0.2 -6.61 
65.051 1.165336 0.8 4.784 22.896 -1.5 -7.98 
70. 119 1.162459 0.8 4.971 22.458 0.1 -9.37 
75.041 1.159566 — 0.6 5.151 21.967 2.3 -10.63 
79.578 1. 156816 0.0 5.316 21.457 -1.2 -11.68 
m = 1.0718 
5.043 1.235866 -0.1 2,405 22.000 -1.0 21.25 
10.001 1.234327 0.4 2.624 22.945 1.6 16.90 
15.004 1.232640 -0.5 2.837 23.693 0.8 13.12 
20.046 1.230814 -0.2 3.043 24.268 -1.0 9.84 
24.868 1.228952 -0.2 3.234 24.676 -1.2 7.12 
29.996 1.226854 0.8 3.431 24.974 -1.1 4.59 
34.926 1.224725 0.3 3.614 25.148 0.4 2.44 
40.035 1.222407 -0.4 3.800 25.222 1.4 0.44 
44.939 1.220079 -0.0 3.974 25.200 0.9 -1.30 
49.927 1.217609 -1.7 4-148 25.094 1.4 -2.93 
54.940 1.215029 1.2 4.320 24.906 -1.8 -4.45 
60.461 1.212072 1.2 4.508 24.616 -2.0 -6.02 
64.990 1.209556 -1.0 4.661 24.318 0.3 -7.24 
70.111 1.206621 0.4 4.833 23.914 0.4 -8.52 
75.055 1.203691 —0. 6 4.998 23.465 1.8 -9.67 
79. 504 1.200978 0.3 5.148 23.011 — 1.2 -10.61 
m = 1.3192 
5.043 1.286124 -0.2 2.647 23.605 -0.7 19.30 
10.001 1.284383 0.3 2.820 24.465 1.4 15.41 
15.004 1.282517 0.7 2.990 25.148 -0.1 12.03 
20.046 1.280529 -0.7 3.158 25.678 -0.5 9.08 
24.868 1.278531 -1.4 3.316 26.056 -0.2 6.62 
29.996 1.276308 1.4 3.480 26.334 -1.2 4.32 
34.926 1.274070 -0.4 3.635 26.500 0.8 2.36 
40.035 1.271655 1.2 3.794 26.573 0.2 0.54 
44.939 1.269244 0. 1 3.944 26.560 0.7 -1.05 
49.927 1.266699 -2.0 4.096 26.471 1.3 -2.54 
Table 9. (Continued) 
t d Ad a 
xlO® xlO^ xlQ: xlO* 
54.940 1.264056 0.8 4.247 26.306 -1.2 -3.94 
60.461 1.261037 0.3 4.414 26.048 — 1. î -5.37 
64.990 1.258480 -0.2 4.550 25.781 -0.3 -6.48 
70. 111 1.255501 0.4 4.706 25.419 0.4 -7.65 
75.055 1.252535 -0.5 4.859 25.016 1.4 -8.68 
79.504 1.249793 0.2 4.998 24.609 —0. 8 -9.52 
m = 1.5793 
5.043 1.337387 0.2 2.843 25.141 —0. 8 17.55 
10.001 1.335458 -0.4 2.978 25.925 1.5 14.07 
15.004 1.333425 0.4 3.114 26.550 0. 1 11.03 
20.046 1.331286 -0.4 3.251 27.037 -0.5 8.38 
24.868 1.329158 -0.5 3.382 27.386 — 0.6 6.16 
29.996 1.326809 0.6 3.521 27.647 —0. 6 4.08 
34.926 1.324465 0.7 3.653 27.804 0. 1 2.30 
40.035 1.321949 1.1 3.790 27.879 0.2 0.64 
44.939 1.319449 -2.4 3.921 27.876 1.8 -0.81 
49.927 1.316829 -0.9 4.054 27.800 0.5 -2.16 
54.940 1.314112 0.4 4. 189 27.658 —0. 8 -3.44 
60.461 1.311025 2.9 4.338 27.430 —2 . 2 -4.74 
64.990 1.308410 -1.7 4.463 27.195 0.5 -5.74 
70.111 1.305377 -0.0 4.605 26.874 0.5 -6.80 
75.055 1.302363 -0.5 4.747 26.515 1.1 -7.73 
79.504 1.299579 0.3 4.878 26.152 —0. 8 -8.49 
m = 1.8419 
5.043 1.387532 -0. 1 2.988 26.569 —0. 6 16.02 
10.001 1.385441 0. 1 3.099 27.286 1.1 12.91 
15.004 1.383255 -0.2 3.211 27.861 0.3 10.17 
20.046 1.380978 0.5 3.326 28.311 -0.8 7.77 
24.868 1.378728 -0.5 3.436 28.637 -0.5 5.76 
29.996 1.376259 -0.3 3.554 28.883 -0. 1 3.87 
34.926 1.373813 0.5 3.668 29.033 0.2 2.25 
40.035 1.371198 0.5 3.788 29.109 0.5 0.74 
44.939 1.368614 0. 1 3.905 29. 113 0.5 -0.58 
49.927 1.365908 -1.5 4.026 29.053 0.6 -1.81 
54.940 1.363114 0.9 4.149 28.931 -0.9 -2.96 
60.461 1.359944 0.5 4.286 28.735 -0.9 -4.14 
64.990 1.357270 -0.7 4.401 28.528 -0.0 -5.05 
70.111 1.354169 0. 1 4.533 28.244 0.4 -6.01 
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Table 9. (Continued) 
t d Ad a A<j)^ Og 
xlO* xlO^ xlO* xlO* 
75.055 1.351095 0. 1 4.663 27. 926 0.7 -6.88 
79.504 1.348259 -0.1 4.782 27. 603 -0.5 -7.59 
m = 2.1350 
5.043 1.441590 -0.0 3.107 28. 041 -0.5 14.57 
10.001 1.439339 0.2 3. 197 28. 694 0.9 11.78 
15.004 1.437004 -0. 1 3.292 29. 221 0.2 9.34 
20.046 1.434586 -0.2 3.390 29. 636 -0.5 7.20 
24.668 1.432210 -0.7 3.486 29. 939 -0.4 5.40 
29.996 1.429616 1.6 3.590 30. 171 — 0.8 3.71 
34.926 1.427050 -0.7 3.693 30. 318 0.5 2.26 
40.035 1.424321 -0.0 3.802 30. 399 0.6 0.91 
44. 939 1.421631 0.4 3.908 30. 413 0.3 -0.28 
49.927 1.418822 -1.7 4.019 30. 372 0.6 — 1. 38 
54.940 1.415929 1.0 4.132 30. 275 -0.8 -2.42 
60.461 1.412653 1.3 4.259 30. 112 -1.0 -3.48 
64.990 1.409894 -1.3 4.367 29. 936 0.2 -4.30 
70.111 1.406702 0. 1 4.491 29. 694 0.4 -5. 16 
75.055 1.403540 0.1 4.614 29. 420 0.6 -5.93 
79.504 1.400626 0.0 4.728 29. 140 -0.5 — 6.57 
m = 2.4606 
5.043 1.499423 -0.1 3.192 29. 541 -0.4 13.17 
10.001 1.497023 0.5 3.272 30. 133 0.7 10.72 
15.004 1.494542 -0. 6 3.355 30. 614 0.4 8.56 
20.046 1.491985 0.6 3.443 30. 995 -0.7 6. 66 
24.868 1.489478 -1.5 3.529 31. 277 -0.1 5.06 
29.996 1.486751 1.1 3.624 31. 497 -0.5 3.56 
34.926 1.484062 1.0 3.719 31. 641 -0.0 2.27 
40.035 1.481206 -0.1 3.820 31. 726 0.5 1.07 
44.939 1.478397 -0.4 3.920 31. 752 0.5 0.02 
49.927 1.475470 -2.5 4.024 31. 729 0.8 -0.96 
54.940 1.472461 2.0 4. 132 31. 656 — 1.0 -1.88 
60.461 1.469056 1.0 4.254 31. 526 -0.8 -2.82 
64.990 1.466192 -1. 1 4.357 31. 383 0.1 -3.54 
70.111 1.462881 0.6 4.476 31. 182 0.2 -4.30 
75.055 1.459604 -0.7 4.594 30. 953 0.8 -4.99 
79.504 1.456589 0.3 4.704 30. 717 -0.5 —5. 55 
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Table 9. (Continued) 
Là. a *E 
xlO® xlO* xlO^ xlO^ 
m = 2.6963 
5.043 1.539884 -0. 1 3.223 30.540 -0.4 12.26 
10.001 1.537395 1. 1 3.305 31.093 0.5 10.03 
15.004 1.534818 -2.8 3.389 31.545 0.9 8.07 
20.046 1.532171 2.7 3.475 31.905 -1.2 6.33 
24.868 1.529571 -0.5 3.560 32.175 -0.4 4.87 
29.996 1.526745 -0.2 3.652 32.389 -0. 1 3.49 
34.926 1.523965 -0.3 3.744 32.532 0.3 2.31 
40.035 1.521015 0.4 3.842 32.621 0.4 1.21 
44.939 1.518114 -0.7 3.940 32.657 0.5 0.25 
49.927 1.515096 -0.2 4.042 32.646 0.1 -0.65 
54.940 1.511991 1.6 4.148 32.591 -0.8 -1.49 
60.461 1.508481 -0.6 4.268 32.485 -0.3 -2.35 
64.990 1.505533 -0.7 4.368 32.363 -0.0 -3.02 
70.111 1.502125 0.5 4.484 32. 191 0.2 -3.73 
75.055 1.498757 -0.1 4.597 31.991 0.5 -*'37 
79.504 1,495662 -0.0 4.698 31.783 -0.4 -4.91 
m = 2.9991 
5.043 1. 590271 -0.2 3.265 31. 721 -0.3 11.31 
10.001 1. 587670 0.6 3.341 32. 232 0.6 9.29 
15.004 1. 584985 -0.7 3.422 32. 651 0.3 7.52 
20.046 1. 582220 0.2 3.507 32. 989 -0.4 5.96 
24.868 1. 579513 -0.3 3.592 33. 245 -0.4 4.65 
29.996 1. 576569 0.7 3.686 33. 451 -0.3 3.42 
34.926 1. 573670 -0.4 3.779 33. 594 0.3 2.37 
40.035 1. 570595 0.3 3.878 33. 689 0.4 1.39 
44.939 1. 567574 0.5 3.976 33. 736 0.2 0.53 
49.927 1. 564426 -1.7 4.078 33. 742 0.4 —0 . 28 
54.940 1. 561193 1. 1 4.182 33. 708 — 0. 6 -1.03 
60.461 1. 557542 0.4 . 4.300 33. 629 -0.5 — 1.81 
64.990 1. 554477 -0.5 4.397 33. 534 -0. 1 -2.41 
70.111 1. 550936 0. 1 4.508 33. 394 0.3 — 3 . 06 
75.055 1. 547442 -0. 1 4.617 33. 229 0.5 -3.64 
79.504 1. 544233 0.0 4.716 33. 055 -0.3 -4. 14 
m = 3.2959 
5.043 1. 637996 0.0 3.287 32. 779 -0.3 10.49 
10.001 1. 635296 0. 1 3.369 33. 254 0.6 8.68 
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Table 9. (Continued) 
t d Ad a +V A+V •E 
xlO® xlO^ xlQ: xlO^ 
15.004 1.632507 -0. 3 3.455 33.647 0.2 7.09 
20.046 1.629629 0.0 3.545 33.968 -0.4 5.69 
24,868 1.626810 -0.5 3.634 34.214 -0.3 4.52 
29.996 1.623743 1.4 3.732 34.416 -0.4 3.41 
34.926 1.620718 -0. 5 3.827 34.562 0.3 2.47 
40.035 1.617510 -0.4 3.929 34.665 0.5 1.59 
44.939 1.614359 0.8 4.027 34.723 0. 1 0.81 
49.927 1.611077 -1.5 4.129 34.746 0.3 0.09 
54.940 1.607705 0.0 4.232 34.732 -0.3 — 0.60 
60.461 1.603905 1.4 4.346 34.679 -0.7 -1.31 
64.990 1.600715 -0.5 4.440 34.607 -0. 1 -1.87 
70.111 1.597037 0.5 4.546 34.496 0. 1 -2.47 
75.055 1.593410 -1. 1 4.649 34.361 0.7 -3.02 
79.504 1.590087 0.5 4.741 34.215 -0.4 -3.48 
m = 3.6233 
5.043 1.688705 -0.2 3.323 33.864 -0.3 9.79 
10.001 1.685889 0.4 3.411 34.309 0.5 8.16 
15.004 1.682975 -0. 1 3.504 34.680 0. 1 6.74 
20.046 1.679964 0. 1 3.600 34.987 -0.4 5.49 
24.868 1.677011 -0.7 3.694 35.227 -0.3 4.45 
29.996 1.673807 12.8* 3.796 35.427 -2.5 3.46 
34.926 1.670625 0.3 3.894 35.579 0. 1 2.61 
40.035 1.667261 0.5 3.996 35.692 0.2 1.82 
44.939 1.663957 0.8 4.094 35.763 0. 1 1.12 
49.927 1.660519 -2.0 4. 193 35.803 0.3 0.45 
54. 940 1.657009 16.6* 4.292 35.806 -3.5 -0.18 
60.461 1.653024 2.0 4.400 35.780 — 0. 8 -0.84 
64.990 1.649696 -1.3 4.488 35.731 0. 1 -1.36 
70. Ill 1.645868 0. 1 4.587 35.647 0.2 -1.92 
75.055 1.642102 0. 1 4.681 35.540 0.4 -2.44 
79.504 1.638655 -0. 1 4.766 35.420 -0.3 -2.88 
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m = 0.10499 
0.2 2.208 15.083 
0.6 2.664 15.617 
0.2 3.084 15.943 
0.1 3.472 16.112 
0.9 3.833 16. 116 
0. 1 4.173 15.998 
-0.4 4.490 15.746 
•2.3 4.809 15.365 
2.9 5.115 14.790 
0.3 5.405 14.193 
-1. 5 5.685 13.498 
0.5 5.943 12.734 
0.0 6.208 11.887 
m = 0.29892 
•0.3 2.456 17.383 
0.7 2.828 17.919 
•0.1 3.181 18.280 
0.1 3.512 18.478 
•2.0 3.826 18.544 
1.4 4.131 18.465 
1.3 4-409 18.290 
•0.5 4.688 18.009 
•0.9 4-969 17.601 
•0.4 5.232 17.107 
1.2 5.474 16.548 
•0.4 5.691 15.970 
•0.0 5.915 15.274 
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20.128 1.138025 -0. 4 2.767 20.108 0.4 11.70 
25,052 1.136397 1.0 3.051 20.599 -1.1 8 « 38 
30.034 1.134592 -0.3 3.323 20.943 0.3 5.42 
34.999 1.132649 -0.1 3.581 21.145 -0.1 2.80 
39.980 1.130559 -1.8 3.829 21.228 2.5 0.46 
45.070 1-128290 1.5 4.073 21.191 -2.1 -1.70 
49.931 1.125996 0.6 4.298 21.064 -0.7 — 3 . 57 
54.998 1.123480 0.1 4.527 20.838 -0.0 -5. 36 
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Table 10. (Continued) 
t d Ad a *V *E 
xlO® xlO" xlQ: xlO^ 
60.316 1. 120708 -0.4 4.760 20.505 0.4 -7. 12 
65.456 1.117905 -1.4 4.980 20.099 1. 9 —8. 73 
70.331 1.115142 1.2 5. 184 19.635 -1.7 -10. 19 
74.816 1. 112505 0.2 5.368 19.150 -0.0 -11. 50 
79.571 1. 109618 -0.2 5.558 18.571 0.3 — 12. 86 
m = 0.90093 
20. 107 1.199730 0.1 2.983 22. 105 -0.2 10.69 
25.089 1.197880 -0.4 3.208 22.563 0.7 7.74 
30.074 1.195902 0.3 3.426 22.881 -0.4 5. 12 
35.051 1.193802 0.4 3.635 23.077 —0. 6 2.79 
40.003 1.191594 -0.5 3.837 23.164 0.4 0-72 
44.961 1.189272 -0.5 4.033 23.152 0.6 -1. 17 
49.848 1.186875 0.4 4.222 23.052 -0. 3 -2.87 
54.999 1.184238 0.5 4.417 22.860 -0.4 -4. 54 
60.157 1.181483 -0.5 4.608 22.586 0.3 — 6.09 
65.201 1.178686 -0.2 4.792 22.242 0. 1 -7. 53 
70.185 1,175822 0.4 4.972 21.833 -0. 4 -8.87 
74.861 1.173045 -0.2 5.140 21.391 0. 4 -10.08 
79.741 1.170056 0.0 5.315 20.869 -0. 1 -11.27 
m = 1.3173 
20. 107 1.286196 0.1 3.215 24.567 -0. 1 9.42 
25.089 1.284085 -0.3 3.375 24.973 0.4 6.91 
30.074 1.281877 0.2 3.534 25.261 -0.2 4.69 
35.051 1.279573 0.2 3.691 25.444 -0.2 2.71 
40.003 1.277188 0.3 3.846 25.533 -0. 2 0.93 
44.961 1.274705 — 0. 8 3.999 25.540 0.6 -0. 68 
49.848 1.272171 0.0 4. 148 25.470 0. 1 -2. 14 
54.999 1.269406 0.7 4.303 25.321 -0. 4 -3. 58 
60.157 1.266539 -0.2 4.458 25.102 0. 0 -4.92 
65.201 1.263647 0.0 4.609 24.823 -0. 1 -6. 15 
70. 185 1.260700 -0.5 4.759 24.488 0.3 -7.30 
74.861 1.257857 0.5 4.902 24.122 -0.2 -8.31 
79.741 1.254804 -0. 1 5.054 23.692 0. 0 -9.30 
m = 1.6812 
20.128 1.358464 -0.3 3.360 26.446 0. 1 8.50 
25.052 1.356178 0.8 3.484 26.810 -0.2 6.36 
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Table 10. (Continued) 
Ad a ^4)^ *E 
xlO® xlO- xlO* xlQ: 
30.03U 1.353782 -0.4 3.609 27.078 0.1 4.42 
34.999 1.351316 0.0 3.734 27.253 -0. 1 2.68 
39.980 1.348762 -1.8 3.860 27.348 0.8 1.11 
45.070 1.346075 2.8 3.989 27.365 -1.2 -0.3# 
49.931 1.343422 -1.6 4.114 27.319 0.8 -1.62 
54.998 1.340583 1.5 4.246 27.204 -0.7 -2.85 
60.316 1.337506 -1.7 4.386 27.022 0.7 -4.04 
65.456 1.334449 0.3 4.522 26.785 -0.2 -5.12 
70.331 1.331469 0.3 4.652 26.511 -0.2 -6.10 
74.816 1.328657 0.1 4.772 26.218 0. 1 -6.97 
79.571 1.325605 -0. 1 4.899 25.866 0.0 -7.85 
m = 2.0853 
20.107 1.435241 21.8* 3.478 28. 318 -8. 6 7.68 
25.089 1.432697 -0.0 3.581 28. 663 -0. 0 5.84 
30.074 1.430105 0.2 3.686 28. 912 -0. 0 4.19 
35.051 1.427445 -0.3 3.793 29. 083 0. 1 2.71 
40.003 1.424729 0.5 3.901 29. 184 -0. 2 1.37 
44.961 1.421937 -0.4 4.010 29. 221 0. 1 0.15 
49.848 1.419115 -0.4 4.119 29. 201 0. 2 — 0. 96 
54.999 1.416067 0.9 4.236 29. 123 -0. 3 -2.04 
60.157 1.412932 -0.2 4.354 28. 992 0. 1 -3.06 
65.201 1.409790 -0.3 4.472 28. 814 0. 1 -3.99 
70.185 1.406611 0.0 4.591 28. 593 -0. 0 — 4. 86 
74.861 1.403558 0.2 4.704 28. 347 -0. 0 —5. 64 
79.741 1.400298 -0. 1 4.825 28. 053 0. 0 -6.42 
m = 2.2675 
20.128 1.468633 -0.0 3.524 29. 120 -0.0 7.39 
25.052 1.466054 0.1 3.618 29. 441 0.1 5.68 
30.034 1.463378 0. 1 3.715 29. 684 -0. 1 4.12 
34.999 1.460645 0.0 3.814 29. 854 -0. 1 2.73 
39.980 1.457836 -1.5 3.915 29. 958 0.5 1 .46 
45.070 1.454898 2.5 4.021 30. 001 -0.8 0.28 
49.931 1.452017 —0. 6 4. 126 29. 990 0.3 -0.74 
54.998 1.448943 -0.7 4.238 29. 927 0.3 -1.73 
60.316 1.445635 —0. 8 4.358 29. 809 0.2 -2.70 
65.456 1.442358 1.6 4.476 29. 646 —0. 6 -3.58 
70.331 1.439174 -0.0 4.589 29. 453 0.0 -4.37 
74.816 1.436181 -0.8 4.692 29. 241 0.3 —5.08 
Table 10. (Continued) 
99 
t d Ad a Og 
xlO® xlO" xlO® xlO* 
79.571 1.432944 0.3 4.799 28. 982 -0. 1 -5.82 
m = 2.7082 
20-107 1.546467 -0.3 3.613 30. 904 0. 0 6.78 
25.089 1.543652 0-9 3.702 31. 205 -0. 1 5. 32 
30-074 1.540 770 -0.5 3.794 31. 437 0. 1 4.00 
35-051 1.537827 -1.0 3.888 31. 606 0. 2 2 . 82 
40-003 1.534836 1.8 3.983 31. 718 -0. 5 1.75 
44-961 1.531769 -1.0 4.080 31. 781 0. 3 0.77 
49.848 1.528682 -0.5 4.177 31. 797 0. 2 -0. 12 
54.999 1.525356 0.4 4.282 31. 767 -0. 1 -0.99 
60,157 1.521950 1.8 4.388 31. 695 -0. 5 -1.81 
65.201 1.518542 -1.9 4.493 31. 585 0. 5 -2.56 
70.185 1.515107 — 0.8 4.598 31. 439 0. 2 -3.28 
74.861 1.511820 1.7 4.697 31. 270 -0-4 -3.92 
79.741 1.508317 -0.5 4.802 31. 063 0- 1 -4. 57 
m = 2-7550 
20.107 1.554485 2. 1 3.598 31.085 — 0. 6 6.64 
25-089 1.551648 -6.2 3.712 31.384 1.7 5.29 
30-074 1.548747 1-2 3.815 31.614 -0.3 4.04 
35-051 1.545782 11-9 3.911 31.784 -3. 1 2.89 
40-003 1.542735 -9.4 4.004 31.906 2.4 1.83 
44-961 1.539647 -3.4 4.096 31.970 0.9 0.85 
49-848 1.536538 2-2 4.189 31.989 -0.5 -0.04 
54-999 1.533187 2.5 4.289 31.964 — 0. 6 -0.91 
60-157 1.529756 0.2 4.393 31.896 -0. 1 -1.72 
65.201 1.526329 -0. 1 4.498 31.790 -0.0 -2.47 
70-185 1.522869 -2.2 4.604 31.650 0.6 -3. 17 
74-861 1.519563 1.4 4.702 31.487 -0.3 -3.80 
79-741 1.516040 -0.2 4.803 31.285 0.0 -4.45 
m = 3.4149 
20.107 1.662936 0.2 3.738 33.433 -0. 1 6. 11 
25-089 1.659802 -0.3 3.834 33.709 0. 1 4-98 
30-074 1.656593 -0.7 3.930 33.932 0- 1 3.96 
35.051 1.653318 1.3 4.025 34.105 -0-3 3.04 
40.003 1-649987 0.9 4.120 34.235 -0-2 2.20 
44.961 1.646579 -2. 4 4.214 34.325 0-5 1.43 
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Table 10. (Continued) 
t d Ad a 
*V Afv 
xlO* xlO^ xlQ: xlO* 
49.848 1.643157 0.5 4.306 34.377 -0.1 0.72 
54.999 1.639476 1. 1 4.403 34.395 -0.2 0.01 
60.157 1.635714 -0.9 4.498 34.378 0. 1 —0 « 66 
65.201 1.631971 0. 4 4.590 34.329 -0.1 -1.29 
70.185 1.628206 0.2 4.678 34.249 -0.0 -1.91 
74.861 1.624617 -0.4 4.758 34.147 0.1 -2.47 
79.741 1.620817 0.2 4.838 34.012 -0. 1 -3.06 
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Table 11. d, a, «J'y and 4>g for neodymium chloride (this re­
search J 
t d Ad a A(j)^  (j)g 
xlO* . xlO* xlO* xlQ: 
m = 0.10108 
5.056 1 .024109 —0. 6 0.506 11. 719 -4.9 31.87 
10.015 1 .023693 1.2 1.128 13. 130 9.2 24. 66 
15.027 1 .022966 0. 1 1.692 14. 203 3.6 18.55 
20.067 1 .021960 -0.3 2.203 14. 991 -8.9 13. 38 
24.882 1 .020765 -0.9 2.648 15. 536 -5.0 9. 18 
30.029 1 .019259 -0.2 3.084 15. 909 -2.4 5.34 
34.908 1 .017630 -0. 2 3.466 16. 102 8.4 2. 16 
40.044 1 .015722 0.9 3.841 16. 129 3.0 -0.81 
44.964 1 .013719 0.4 4. 179 16. 027 5.3 -3.40 
49.941 1 .011531 0.9 4.504 15. 784 -7.8 —5. 83 
54.879 1 .009205 -0.4 4.812 15. 443 -4.2 — 8.11 
60.380 1 .006445 -1.3 5.142 14. 936 2.0 -10.53 
63.745 1 .004672 -1. 2 5.337 14. 560 4.9 -11.96 
70.085 1 .001167 2.0 5.694 13. 702 -12.2 -14.54 
75.023 0 .998288 -0.0 5.960 12. 964 14.4 -16.41 
79.520 0 .995563 -0.4 6.193 12. 171 -5.5 -17.96 
m = 0.50654 
5.056 1 117657 —0. 5 1.551 16. 374 -1.3 27.21 
10.015 1 116689 1. 1 1.947 17. 579 2.2 21.42 
15.027 1 115493 -0.5 2.318 18. 525 1.9 16.46 
20.067 1 114093 0.5 2.664 19. 240 -3.2 12.22 
24.882 1 112580 — 0.6 2.973 19. 744 -1.6 8.76 
30.029 1 110789 -0.9 3.282 20. 113 0.6 5.55 
34.908 1 108938 0.5 3.560 20. 317 0.3 2.90 
40.044 1 106832 -0.0 3.836 20. 403 2.4 0.40 
44.964 1 104677 0.8 4.090 20. 367 0.5 — 1. 76 
49.941 1 102362 0.8 4.336 20. 227 -1.2 — 3 . 78 
54.879 1 099939 -0.2 4.572 19. 993 -1.2 -5.66 
60.380 1 097098 -1.9 4.827 19. 630 1.3 — 7. 63 
63.745 1 095291 -0. 1 4.979 19. 351 -1.3 -8.78 
70.085 1 091742 1.4 5.261 18. 729 -1.0 -10.82 
75.023 1 088851 -0.1 5.475 18. 163 3.0 —12.26 
79.520 1 086126 -0.3 5.666 17. 580 -1.4 -13.44 
m = 0.91022 
5.056 1 .206463 0.1 2.240 19. 694 -1.4 23.01 
10.015 1 .205043 -1.9 2.501 20. 722 4.2 18.33 
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Table 11. (Continued) 
Ad a (py <f>j. 
xlO* xlO* xlQ: xlO* 
15.027 1. 203463 3.8 2.750 21. 529 -3. 0 14.27 
20.067 1. 201720 0.7 2.989 22. 158 -2. 0 10.76 
24.882 1. 199924 -4.7 3.206 22. 609 2. 8 7.85 
30.029 1. 197881 0.6 3.429 22. 938 -1. 1 5. 13 
34.908 1. 195819 1.0 3.633 23. 133 -0. 3 2. 86 
40.044 1. 193524 -0.3 3.841 23. 226 1. 7 0. 73 
44.964 1. 191215 0. 1 4.035 23. 215 1. 0 -1.12 
49.941 1. 188771 2.7 4.226 23. 113 -2. 4 -2.84 
54.879 1. 186236 0.4 4.412 22. 934 -1. 3 -4.43 
60.380 1. 183290 -3.7 4.615 22. 647 2. 3 —6. 10 
63,745 1. 181432 -1.2 4.737 22. 424 0. 3 -7.07 
70.085 1. 177808 2.6 4.964 21. 918 -1. 6 —8« 81 
75.023 1. 174872 0.6 5. 138 21. 454 1. 0 -10.07 
79.520 1. 172118 -0.8 5.294 20. 976 -0. 3 -11. 13 
m = 1.3059 
5.056 1.289203 -397.3* 2.689 22.602 233.6 19.58 
10.015 1.287825 0.0 2.865 23.243 -0.4 15.79 
15.027 1.285921 0.2 3.039 23.950 0.8 12.45 
20.067 1.283897 -0.5 3.209 24.501 0.4 9.51 
24.882 1.281866 0.2 3.368 24.898 -0.7 7.06 
30.029 1.279591 0-2 3.534 25.200 -0.6 4.73 
34.908 1.277338 0.3 3.689 25.383 -0.2 2.78 
40.044 1.274869 0.7 3.849 25.477 0.0 0.93 
44.964 1.272407 -2.0 4.001 25.485 1.7 -0.68 
49.941 1.269829 0.7 4.153 25.411 -0.2 -2.17 
54.879 1.267181 0.4 4.303 25.269 -0.5 -3.55 
60.380 1.264126 -0.5 4.469 25.034 -0.2 -4.99 
63.745 1.262206 0.7 4.571 24.851 -0.8 -5.83 
70.085 1.258476 -0.4 4.761 24.436 0.6 -7.32 
75.023 1.255476 -0.1 4.909 24.047 0.6 -8.41 
79.520 1.252670 0. 1 5.044 23.646 -0.4 -9.35 
m = 1.7019 
5.056 1.369076 37.3* 2.992 24.638 -23. 4 17.10 
10.015 1.366967 -0. 1 3.116 25.428 -0. 2 13.87 
15.027 1.364792 0. 1 3.241 26.051 0. 6 11.02 
20.067 1.362522 0.4 3.366 26.541 -0. 2 8.52 
24.882 1.360275 -0.3 3.487 26.899 -0. 3 6.41 
30.029 1.357791 0.1 3.616 27.177 -0. 4 4.42 
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Table 11. (Continued) 
t d Ad a A4)^  *2 





































1.355356 -0.7 3.738 27.351 0.4 2.73 
1.352712 0.3 3.868 27.449 0.2 1.13 
1.350100 0.0 3.992 27.470 0.3 -0.26 
1.347378 1.0 4.118 27. 424 -0.4 -1.56 
1.344598 0.2 4.245 27.318 -0.3 -2.75 
1.341410 —0. 6 4.386 27.132 -0. 1 -4.00 
1.339411 -1.2 4.474 26.986 0.4 -4.72 
1.335549 1.2 4.640 26.645 -0. 1 — 6.00 
1.332350 -98.3* 4.773 26.373 47.2 -6.93 
1.329555 -0.2 4.894 25.996 -0.0 -7.71 
m = 2-0909 
1.443491 -0.2 3.184 26.663 -0.5 15.19 
1.441180 0.6 3.282 27.347 0.8 12.39 
1.438775 -0.2 3.381 27.904 0. 3 9.92 
1.436288 -0.4 3.483 28.347 -0.4 7.75 
1.433848 -0. 1 3.581 28.675 — 0.6 5.93 
1.431168 -0. 1 3.688 28.935 -0.2 4.20 
1.428559 0.4 3.79 1 29.104 0.1 2.74 
1.425741 _ 1.0 3.901 29.209 0.2 1.36 
1.422968 ^ -0.9 4.008 29. 247 0.8 0.15 
1.420094 -0.1 4.119 29.225 0.1 -0.98 
1.417169 -0.4 4.230 29.151 -0.2 -2.02 
1.413827 0.2 4.357 29.009 —0.6 -3. 10 
1.411737 0.4 4.435 28.894 -0.5 -3.73 
1.407706 0.5 4.586 28.622 0.2 -4.85 
1.404480 -0.9 4.705 28.364 1.0 -5.66 
1.401478 0.3 4.815 28.092 —0. 6 -6.33 
m = 2.4915 
1.516549 0. 1 3.316 28.529 -0.5 13.51 
1.514026 -0. 2 3.399 29.139 0.9 11.10 
1.511417 0.2 3.485 29.640 0.1 8.98 
1.508731 0. 2 3.574 30.044 -0.5 7.11 
1.506105 -0.5 3.661 30.348 -0.4 5.55 
1.503233 0. 5 3.758 30.595 -0.3 4.06 
1.500445 -0.4 3.851 30.763 0.4 2.80 
1.497442 0.6 3.952 30.875 0.3 1.61 
1.494496 -0.9 4.051 30.929 0.7 0.57 
1.491450 0.7 4. 153 30.932 -0.2 -0.41 
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Table 11. (Continued) 
t d Ad a *E 
xlO® xlO* xlO* xlO* 
54.879 1.488357 0. 1 4,256 30. 889 -0.3 -1.31 
60.380 1.484829 -0.5 4.372 30. 791 -0. 3 —2. 25 
63,745 1.482628 0.0 4.445 30. 706 -0.3 -2.80 
70.085 1.478392 0.8 4.583 30. 497 0. 1 — 3.78 
75.023 1.475009 -0.7 4.692 30. 293 0.8 -4.50 
79.520 1.471868 0.2 4.793 30. 076 -0.5 -5.10 
m = 2.9045 
5.056 1.588230 -0. 1 3.400 30. 267 -0.4 12.10 
10.015 1.585524 -0. 1 3.479 30. 816 0.8 10.02 
15.027 1.582729 0.6 3.562 31. 270 0.0 8.20 
20.067 1.579855 0.5 3.649 31. 642 -0.5 6. 60 
24.882 1.577048 -1.4 3.735 31. 927 -0. 1 5.25 
30.029 1.573982 -0.5 3.829 32. 164 -0.0 3.97 
34.908 1.571011 0.8 3.920 32. 331 0.0 2.89 
40.044 1.567812 1.0 4.018 32. 453 0.2 1.87 
44.964 1.564678 —0. 8 4. 113 32. 523 0.5 0.97 
49.941 1.561441 0.6 4.21 1 32. 549 -0.1 0. 12 
54.879 1.558159 -0.3 4.309 32. 535 -0.2 — 0.66 
60.380 1.554422 -1.2 4.420 32. 476 -0.1 -1.49 
63.745 1.552096 0.4 4.488 32. 418 -0.4 -1.97 
70.085 1.547623 1.2 4.616 32. 265 0.0 -2.84 
75.023 1.544061 —0. 8 4.716 32. 110 0.7 — 3. 48 
79.520 1.540759 0.1 4.807 31. 940 -0.4 -4.03 
m = 3.1855 
5.056 1.634967 -0. 1 3.439 31. 353 -0.2 11.30 
10.015 1.632149 0. 1 3.520 31. 866 0.5 9.42 
15.027 1.629236 0.0 3.607 32. 295 -0.2 7.77 
20.067 1.626255 14.8* 3.697 32. 645 -3.9 6.32 
24.882 1.623327 13.1 * 3.786 32. 920 -3.6 5.10 
30.029 1.620113 -0. 3 3.882 33. 156 -0.4 3.95 
34.908 1.617011 -0.2 3.975 33. 325 0.1 2.98 
40.044 1.613674 0.7 4.073 33. 454 0.2 2.05 
44.964 1.610405 -0.3 4.168 33. 535 0.4 1.23 
49.941 1.607030 0.5 4.263 33. 576 -0.0 0.46 
54.879 1.603612 -0.9 4.358 33. 581 0.0 -0.26 
60.380 1.599727 0.8 4.464 33. 545 -0.5 -1.03 
63.745 1.597307 -1.1 4.528 33. 503 0.0 -1.48 
70.085 1.592669 1.0 4.649 33. 384 -0.0 -2.29 
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Table 11. (Continued) 
d Ad a A<j>^ *2 
xlO® xlO" xlO' xlO* 
75. 023 1. 588980 -0. 5 
79. 520 1. 585565 0. 1 
5. 056 1. 663230 -0. 0 
10. 015 1. 660342 -0. 2 
15. 027 1. 657355 0. 5 
20. 067 1. 654280 -0. 1 
24. 882 1. 651275 -0. 5 
30. 029 1. 647990 0. 2 
34. 908 1. 644805 0. 1 
40. 044 1. 641379 0. 5 
44. 964 1. 638025 -0. 8 
49. 941 1. 634564 0. 4 
54. 879 1. 631061 0. 4 
60. 380 1. 627080 -0. 3 
63. 745 1. 624604 -0. 6 
70. 085 1. 619862 0. 9 
75. 023 1. 616096 -0. 4 
79. 520 1. 612614 0. 0 
4.742 33.256 0.5 -2.89 
4.827 33.113 -0.3 -3.41 
3.3601 
3.461 31.991 -0.3 10.86 
3.548 32.486 0.7 9.09 
3.638 32.901 0.0 7.55 
3.731 33.246 -0.3 6.19 
3.821 33.516 -0.3 5.04 
3.918 33.748 -0.2 3.96 
4.011 33.918 0.2 3.04 
4.109 34.052 0.3 2.16 
4.203 34.139 0.5 1.39 
4.298 34.189 -0.0 0.65 
4.391 34.204 -0.3 -0.04 
4.493 34.181 -0.3 -0.77 
4.555 34.148 -0. 1 -1.20 
4.669 34.047 0. 1 -1.99 
4.757 33.935 0.5 -2.58 
4.835 33.807 -0.3 -3.09 
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Table 12. d, a, <J>^ and for samarium chloride 
t d Ad a ty A<J)y Og 
xlO* xlO** xlQ: xlO= 

































-0.9 0.472 13.041 -2.1 29.44 
1.7 1.101 14.336 4.3 22.65 
0.5 1.669 15.316 -0.6 16.89 
-1. 1 2. 184 16.040 -0.3 12.01 
-0.9 2.634 16.517 -4.6 8.01 
-0.8 3.072 16.840 3.7 4.35 
1.0 3.455 16.969 -3.5 1.31 
1. 1 3.833 16.966 1.5 -1.56 
0.4 4.173 16.830 5.5 -4.07 
0.3 4.497 16.562 -2.5 -6.42 
-0.9 4.810 16.189 1.2 -8.67 
-1. 1 5. 142 15.643 -0.2 -11.05 
0.2 5.338 15.239 -8.9 -12.45 
-0.0 5.696 14.384 8.9 -14.99 
1.5 5.961 13.595 -1.2 -16.82 
-0.8 6. 187 12.829 -1. 1 -18.32 
m = 0.23601 
5.045 1.056895 0.1 0.853 14.764 -4. 9 28.51 
10.012 1.056302 -0.6 1.395 16.031 11. 2 22.08 
15.015 1.055434 1. 1 1.890 16.982 -2. 3 16.62 
20.046 1.054307 -0.4 2.342 17.698 -3. 3 12.00 
24.878 1.053012 0.2 2.741 18.180 — 6. 5 8.21 
30.012 1.051424 -0.5 3.132 18.517 -0. 0 4.74 
34.878 1.049734 -0.9 3.476 18.683 6. 4 1.87 
40.032 1.047763 0.8 3.818 18.703 2. 0 -0.85 
44.967 1.045710 0.7 4. 127 18.601 1. 0 -3.22 
49.911 1.043502 0.6 4.421 18.384 -2. 1 -5.43 
54.903 1.041126 -0. 8 4.707 18.062 -0. 3 -7.53 
60.425 1,038335 — 1.6 5.010 17.586 2. 1 -9.75 
63.783 1.036561 1.3 5. 190 17.227 -8. 5 -11.04 
70.139 1.033037 -0.1 5.519 16.463 4. 2 -13.37 
75.036 1.030187 0.4 5.764 15.767 4. 3 -15.01 
79.388 1.027559 — 0.2 5.975 15.077 -3. 2 -16.33 
m = 0.40942 
5.045 1.097678 -0.2 1.279 16.498 -2. 2 26.98 
10.012 1.096857 0.2 1.727 17.692 4. 6 21.00 
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•0.4 2.140 18.610 2.0 15.93 
3.3 2.524 19.288 -10.2 11.61 
•4.3 2.866 19.778 6.4 8.08 
•0.5 3.206 20. 101 -0.1 4.86 
1.3 3.508 20.270 -1.5 2.19 
1. 3 3.810 20. 318 -0. 1 -0.33 
0.8 4.085 20.248 0.5 -2.51 
•1. 1 4.348 20.075 2.7 -4.54 
•1.2 4.604 19.799 0.7 -6.46 
0. 1 4.878 19.382 -3. 1 -8.48 
•0.0 5.039 19.078 -1.7 -9.66 
1.3 5.337 18.397 -0.8 -11.79 
•0.8 5.560 17.788 5.4 -13.30 
0. 1 5.752 17.174 -2.7 -14.52 
m = 0.59909 
5.045 1.141387 0.1 1.661 18.125 -2.1 24.97 
10.012 1.140338 -0.4 2.033 19.236 4.2 19.65 
15.015 1. 139080 0.4 2.380 20.098 0.2 15.09 
20.046 1. 137622 0. 1 2.704 20.754 -2.1 11. 17 
24.878 1.136056 -0.2 2.995 21.214 -2. 1 7.93 
30.012 1.134225 -0.2 3.286 21.544 -0.5 4.94 
34.878 1. 132341 0.8 3.547 21.722 -0. 1 2.44 
40.032 1. 130194 -1.0 3.810 21.790 3.6 0.08 
44.967 1. 128004 0. 1 4.051 21.741 1.4 -1.96 
49.911 1.125682 0.6 4.284 21.594 -0.7 — 3. 86 
54.903 1.123213 -0.0 4.51 1 21.356 -1.4 — 5. 65 
60.425 1, 120342 -0.7 4.755 20.992 —0. 8 —7 . 53 
63.783 1.118529 0.5 4.900 20.720 -2.0 -8.61 
70.139 1.114955 0. 1 5.169 20.113 1.4 -10.57 
75.036 1. 112080 -0. 2 5.370 19.562 2.7 -11.96 
79.388 1. 109442 0.1 5.546 19.012 -1.8 -13. 10 
m = 0.79726 
5.045 1.186115 -0.0 2.007 19.604 -1.4 23.26 
10.012 1.184843 0.0 2.309 20.640 2.6 18.42 
15.015 1.183389 0.0 2.595 21.452 0.5 14.24 
20.046 1.181764 0.3 2.866 22.074 -1.8 10.65 
24.878 1.180056 — 0.6 3.113 22.515 -1. 1 7.66 
30.012 1.178097 -0. 1 3.362 22.836 -0.5 4.90 
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Table 12. (Continued) 
àd CL 4)^ *E 
xlO® xlO* xlO* xlQ: 
34.878 1.176107 0.2 3.587 23-018 0.6 2.59 
40.032 1.173864 0.2 3.816 23.095 1.3 0.40 
44.967 1.171594 0.4 4.027 23.066 0.8 -1.51 
49.911 1.169204 — 0.6 4.232 22.947 0.8 -3.27 
54.903 1.166677 -0. 1 4.434 22.740 -1.0 -4.94 
60.425 1.163754 -0.1 4.651 22.418 -1.3 -6.69 
63.783 1.161913 0.5 4.781 22.177 -1.4 -7.70 
70.139 1.158298 -0.3 5.023 21.632 1.4 -9.50 
75.036 1.155401 0. 1 5.206 21. 135 1.7 -10.79 
79.388 1.152746 -0,0 5.366 20.639 -1.2 -11.84 
m = 1.0194 
5.045 1.235151 -0. 1 2.330 21.068 -1.0 21.55 
10.012 1.233648 0.2 2.572 22.030 1.9 17. 17 
15.015 1.231989 -0.0 2.804 22.791 0.5 13.39 
20.046 1.230183 -0.5 3.026 23.379 -0.8 10. 11 
24.878 1.228325 0.5 3.231 23.798 -1.7 7.37 
30.012 U226223 -0.0 3.440 24. 112 -0. 4 4.83 
34.878 1.224114 -0. 1 3.631 24.295 0.7 2.69 
40.032 1.221763 -0.3 3.827 24.381 1.4 0.66 
44.967 1.219403 0.2 4.009 24.369 0.8 -1.11 
49.911 1.216935 0. 5 4. 188 24.272 -0.3 -2.75 
54.903 1.214339 -0.2 4.364 24.095 —0. 6 -4.30 
60.425 1.211352 -1. 1 4.555 23.813 -0.2 -5.92 
63.783 1.209479 1.1 4.670 23.597 — 1.6 —6.86 
70.139 1.205811 -0.3 4.885 23.109 1. 1 -8.54 
75.036 1.202882 0.1 5.048 22.662 1.3 -9.74 
79.388 1.200204 -0.0 5.193 22.214 -0. 9 -10.72 
m = 1.2623 
5.045 1.287475 0.1 2.621 22.501 -0.9 19.90 
10.012 1.285738 -0.3 2.813 23.392 1.8 15.98 
15.015 1.283870 0.0 2.999 24.103 0.4 12.57 
20.046 1.281875 0.4 3.180 24.657 -1.2 9.60 
24.878 1.279854 -0.3 3.349 25.060 -0.9 7.11 
30.012 1.277598 -0.4 3.523 25.365 -0. 1 4.78 
34.878 1.275361 0.6 3.683 25.549 0. 1 2.82 
40.032 1.272887 -0.2 3.850 25.646 1.1 0.95 
44.967 1.270422 -0. 1 4.006 25.652 0.8 -0.69 
49.911 1.267860 0.1 4.159 25.579 0.0 -2.20 
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Table 12. (Continued) 
t d Ad a A<j>^ Og 
xlO® xlO* xlO* xlO^ 
54.903 1.265182 -0.2 4.313 25.433 -0. 5 -3.64 
60.425 1.262114 -0. 2 4. 480 25.190 -0, 8 — 5.13 
63.783 1.260196 0.4 4.581 25.003 -0. 8 —6 . 00 
70.139 1.256456 0.0 4.771 24.573 0-7 — 7.55 
75.036 1.253478 -0.3 4.917 24.176 1. 3 — 8. 67 
79.388 1.250764 0. 1 5.047 23.776 -0. 9 -9.58 
m = 1.5089 
5.045 1.339207 0.2 2.873 23. 823 -0. 8 18.51 
10.012 1.337246 — 0.6 3.024 24.654 1. 7 14. 96 
15.015 1.335176 0.8 3. 174 25.322 -0. 1 11.87 
20.046 1.332995 -0. 1 3.321 25.849 -0. 7 9. 17 
24.878 1.330812 -0. 4 3.461 26.236 -0. 7 6.90 
30.012 1.328401 -0. 1 3.607 26.535 -0. 2 4.77 
34.878 1.326028 0.4 3.743 26.723 0. 2 2.97 
40.032 1.323424 0.5 3.884 26.831 0. 5 1.24 
44.967 1.320845 -0.5 4.018 26.854 0. 9 -0.27 
«9.911 1.318182 0.9 4.151 26.805 -0. 4 -1.68 
54.903 1.315406 -2.7 4.284 26.689 0. 9 -3.01 
60.425 1.312249 2.4 4.431 26.481 -2. 0 -4.40 
63.783 1.310277 -0. 1 4.520 26.321 -0. 4 -5.20 
70.139 1.306447 -0.3 4.690 25.946 0. 7 -6. 63 
75.036 1.303407 -0. 4 4.823 25.596 1. 2 — 7. 65 
79.388 1.300641 0.3 4.944 25.243 -0. 8 -8.47 
m = 1.7430 
5.045 1.387022 0.4 3.076 24. 990 -0. 8 17.36 
10.012 1.384861 -0.9 3.198 25. 772 1. 6 14.13 
15.015 1.382606 -0. 1 3.321 26. 406 0. 3 11.30 
20.046 1.380256 1.3 3.443 26. 909 — 1 . 2 8.82 
24.878 1.377921 -0.9 3.561 27. 285 -0. 4 6.73 
30.012 1.375362 0.4 3.685 27. 579 -0. 4 4.76 
34.878 1.372859 0.2 3.801 27. 770 0. 3 3. 10 
40.032 1.370127 -0.4 3.924 27. 888 0. 9 1.50 
44.967 1.367436 — 0.6 4.042 27. 927 0. 8 0. 10 
49.911 1.364668 0.4 4. 159 27. 898 -0. 1 -1.21 
54.903 1.361798 0.3 4.277 27. 806 -0. 6 -2.45 
60.425 1.358536 -0.3 4.408 27. 635 -0. 5 -3.74 
63.783 1.356510 0.5 4.487 27. 497 -0. 6 -4.49 
70.139 1.352580 -0. 3 4.640 27. 170 0. 6 -5.83 
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Table 12. (Continued) 
àd a (p^ A(j)^ *E 
xlO* xlO" xlO® xlO' 
75.036 1,349471 -0,2 4,758 26.860 0.9 "6.80 
79.388 1.346649 0.2 4.865 26.546 -0.7 -7.59 
m = 2.0041 
5.045 1.438871 0.4 3.264 26.214 -0.7 16.23 
10.012 1.436502 -1.0 3.366 26.948 1.4 13.32 
15.015 1.434049 0.1 3.469 27.548 0.2 lO"?? 
20.046 1.431511 1,4 3,573 28,030 -1,1 8,52 
24.878 1.429006 -0.3 3.673 28,396 -0.6 6,62 
30.012 1,426274 -0,9 3.779 28.689 0, 1 4-82 
34,878 1,423620 0.0 3,879 28.886 0.3 3.29 
40.032 1.420737 -0.2 3.985 29.017 0.7 1,82 
44,967 1,417910 0,2 4,087 29,074 0,4 0.52 
49.911 1.415013 0.8 4. 189 29.069 -0.3 -0.69 
54.903 1,412020 -C.3 4.292 29.005 -0.3 -1.84 
60.425 1.408632 -0.4 4.407 28.870 -0.4 -3.04 
63.783 1.406533 -0.0 4.477 28.756 -0.3 -3.74 
70.139 1.402477 0.2 4.612 28.479 0.4 -4.99 
75.036 1.399276 0.0 4.718 28.212 0.7 -5.89 
79.388 1.396376 -0.0 4.814 27.938 -0.5 -6.64 
m = 2.2697 
5.073 1.490003 0.2 3.436 27. 393 —0. 6 15.25 
10.018 1.487442 — 0.6 3.521 28. 083 1.1 12.63 
15.030 1.484788 0.2 3.608 28. 655 0.2 10.30 
20.067 1.482059 0.4 3.696 29, 120 —0 . 6 8.25 
24.896 1.479386 0. 1 3.781 29. 476 —0. 6 6.50 
30.011 1.476493 -0. 1 3.872 29. 766 -0.2 4.86 
34.910 1.473663 -0.4 3.959 29. 969 0.4 3.44 
40.072 1.470620 0.6 4.052 30. 111 0.4 2.08 
44.979 1.467666 —0. 6 4. 140 30. 184 0.6 0.89 
49.920 1.464636 0.2 4.229 30. 200 -0.0 —0, 23 
54.920 1.461509 0.4 4.320 30, 161 -0.5 -1,30 
60.458 1.457975 -0.5 4.421 30. 057 -0.3 -2,43 
63.783 1.455820 0.4 4.482 29. 965 -0.5 — 3 « 08 
70.104 1.451646 -0.2 4.599 29. 734 0.5 -4,25 
75,008 1.448343 -0.0 4.692 29. 505 0.6 -5,11 
79.400 1.445335 0.0 4.777 29. 264 -0.4 —5 , 83 




































Ad a A4>v 
xlO® xlO* Xl03 xlO^ 
m = 2.5663 
0. 1 3.588 28.638 -0.5 14.28 
-0. 4 3.668 29.286 0. 9 11.94 
0.6 3.746 29.831 0.0 9.85 
-1. 1 3.824 30.279 -0.2 8.00 
0.5 3.898 30.626 -0.7 6.42 
1.0 3.976 30.915 -0. 5 4.92 
-0.7 4.051 31.125 0.5 3.61 
0. 5 4. 129 31.278 0. 3 2.36 
-1.2 4.205 31.367 0.7 1.26 
0. 3 4.281 31.402 -0. 1 0.22 
-0.3 4.360 31.388 -0.2 -0.78 
1.6 4.447 31.315 -0. 9 -1.83 
-1.2 4.500 31.245 0.1 -2.43 
0.6 4.601 31.056 0.2 -3.53 
— 0.8 4.681 30.864 0.8 -4.34 
0. 4 4.752 30.656 -0.5 -5.03 
m = 2.8531 
G. 2 3.728 29.782 -0.4 13.52 
— 0.6 3.795 30.397 0.9 11.37 
0.7 3.864 30.918 -0.0 9.46 
-0.4 3.933 31.350 -0.3 7.77 
0.4 4.000 31.690 — 0. 6 6.32 
-0. 1 4.070 31.978 -0. 1 4.95 
-0.2 4. 136 32. 191 0.3 3.75 
0. 1 4.205 32.354 0.4 2.59 
-0. 2 4.271 32.456 0. 4 1.56 
-0.0 4.337 32.509 0.0 0.59 
0. 5 4.403 32.514 -0. 4 -0.35 
0.2 4.477 32.467 -0.4 -1.33 
-0. 4 4.522 32.414 -0. 1 -1.91 
-0.3 4.610 32.261 0.4 -2.95 
0. 5 4.680 32. 097 0.4 -3.71 
-0.2 4.746 31.920 -0.3 -4.34 
m = 3.1436 
0. 2 3.843 30.891 -0.4 12.81 
-0. 1 3.907 31.476 0.7 10.86 
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Table 12. (Continued) 
t d Ad a *V A*V *E 
xlO® xlO" xlQ: xlQ: 
15.030 1.640630 -0.5 3.971 31.976 0. 2 9. 12 
20.067 1.637326 — 0.6 4.034 32.394 -0. 2 7. 56 
24.896 1.634118 1.3 4.093 32.726 -0.7 6.23 
30.011 1.630673 0.6 4. 155 33.012 -0. 3 4.95 
34.910 1.627333 — 0.6 4.213 33.228 0. 3 3.84 
40.072 1.623774 -0. 1 4.272 33. 398 0. 4 2.76 
44.979 1.620350 -1.0 4.328 33.509 0.5 1.80 
49.920 1.616867 -0. 4 4.384 33.575 0. 1 0. 88 
54.920 1.613305 1.7 4-441 33.596 —0. 6 -0.00 
60.458 1.609313 -0. 6 4.503 33.570 -0. 2 -0.94 
63.783 1.606896 0.3 4.541 33.530 -0.3 -1.48 
70.104 1.602254 0.4 4.613 33.405 0. 2 -2.47 
75.008 1.598610 -1.1 4.671 33.267 0.7 -3. 20 
79.400 1.595316 0.5 4.724 33.111 -0. 4 -3. 82 
m = 3.4579 
5.073 1.699284 0.3 3.951 32.059 -0.4 12. 15 
10.018 1.695939 -0.9 4.012 32.616 0.8 10.37 
15.030 1.692508 0. 5 4.071 33.094 0. 0 8.77 
20.067 1.689017 0.2 4. 127 33.498 -0. 4 7. 34 
24.896 1.685633 -0. 2 4. 178 33. 822 -0. 4 6. 10 
30.011 1.682014 1.5 4.230 34.104 -0.4 4.92 
34.910 1.678510 -1.0 4.278 34.319 0. 4 3.88 
40.072 1.674786 -1.5 4.328 34.493 0.6 2.86 
44.979 1.671214 -1.4 4.374 34.611 0.6 1.96 
49.920 1.667593 3.5 4.420 34.686 -0.7 1. 10 
54.920 1.663889 1.0 4.466 34.720 -0. 5 0.27 
60.458 1.659752 -2.5 4.518 34.711 0. 1 -0.61 
63.783 1.657265 9.9* 4.549 34.680 -2. 3 -1.13 
70-104 1.652464 -0.3 4.608 34.581 0.2 -2.07 
75.008 1.648718 1. 3 4.655 34.462 0. 1 -2.77 
79.400 1.645333 — 0.6 4.698 34.327 -0. 1 -3.37 
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Table 13. d, a, (j)^ and <j>g for gadolinium chloride 
t d Ad a 
xlO® xlO** xlQ: xlO^ 
m = 0.097765 
5. C75 1.024205 — 0.6 0.449 15.547 —4 . 6 26.76 
10. 023 1.023819 1.4 1.074 16.710 7.3 19.95 
15, 020 1.023120 -0.3 1.642 17.560 7.8 14. 23 
20. 068 1.022137 -0. 1 2. 160 18.134 -10.7 9.40 
2U. 886 1.020961 -0.4 2.609 18.492 -9.8 5.52 
29. 999 1.019484 -0.7 3.047 18.695 2.8 2.00 
34. 887 1.017870 0.0 3.433 18.723 6. 1 -0.92 
40. 004 1.015985 0-5 3.810 18.606 7.3 — 3.65 
44. 978 1.013974 0.7 4.154 18.359 2.5 —6 . 07 
49. 904 1.011820 0.8 4.478 17.993 -7. 5 -8.34 
54. 829 1.009512 0. 1 4.787 17.527 -9.7 -10.52 
60. 413 1.006719 -2.7 5. 124 16.897 15.3 -12.93 
64. 998 1.004299 0.7 5.390 16.231 -12.9 -14.87 
70. 116 1.001458 0. 1 5.676 15.435 6.4 -16.99 
74. 557 0.998884 1.2 5.916 14.636 1.5 -18.77 
79. 425 0.995948 -0.7 6. 168 13.673 -1.9 —20.61 
m = 0.23685 
5-07 5 1.058093 -0.5 0.785 17.288 -2.5 25.36 
10. 023 1.057539 0.8 1.329 18.393 5.5 19.18 
15. 020 1.056702 0. 5 1.827 19.211 -0. 1 13.93 
20. 068 1.055604 -0.3 2.285 19.795 -3.6 9.46 
24. 886 1.054338 -1.2 2.685 20. 164 -0.9 5.84 
29. 999 1.052786 -0.0 3.078 20.375 -1.8 2.53 
34. 887 1.051113 0. 3 3.427 20.433 1.3 -0.22 
40. 004 1.049178 0.3 3.769 20.357 4.0 -2.80 
44. 978 1.047132 0.3 4.082 20.160 2.8 — 5 . 08 
49. 904 1.044951 0.5 4.378 19.853 -1.5 -7. 18 
54. 829 1.042627 0.6 4.662 19.446 — 6.0 -9. 17 
60. 413 1.039824 — 1.6 4.971 18.881 1.6 -11.33 
64. 998 1.037400 — 0.6 5.216 18.321 0.3 -13.03 
70. 116 1.034564 0.3 5.481 17.609 2.0 -14.84 
74. 557 1.031999 1.5 5.704 16.914 -0.4 -16.33 
79. 425 1.029076 — 0.8 5.940 16.082 -0.5 -17.81 
m = 0.41052 
5, 075 1.099652 0. 1 1.160 18.952 -2.9 23.89 
10. 023 1.098896 -0.2 1.613 19.997 5.5 18. 17 
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Table 13. (Continued) 
t d Ad a 
xlO® xlO^ xlQ: xlO* 
15.020 1.097893 -0.4 2.034 20.776 2.0 13.30 
20.068 1.096657 0.5 2.426 21.334 -4.0 9. 15 
24.886 1.095285 2.0 2.772 21.687 -7.8 5.78 
29.999 1.093632 -2.7 3.115 21.915 4.9 2.69 
34.887 1.091887 -0.8 3.422 21.980 3.4 0. 11 
40.004 1.089893 0.7 3.726 21.922 1.5 -2.29 
44.978 1.087799 1.0 4.006 21.753 -0. 1 -4.42 
49.904 1.085584 1.3 4.271 21.484 -2.8 -6.38 
54.829 1.083232 -1. 1 4.525 21. 127 0.4 -8.22 
60.413 1.080414 -1.1 4.804 20.611 -0.3 -10. 22 
64.998 1.077983 0.0 5.025 20.105 -1.4 -11.79 
70.116 1.075148 0.7 5.266 19.460 0.4 -13.45 
74.557 1.072588 0.3 5.470 18.836 2.8 -14.79 
79.425 1.069678 -0.3 5.688 18.078 -1.5 — 16. 12 
m = 0.589 4 H 
5.075 1.141614 0.3 1.474 20.443 -2.3 22. 12 
10.023 1. 140671 -0.9 1.857 21.414 4.9 16.97 
15.020 1.139511 0.7 2.216 22.143 -0.2 12. 54 
20.068 1. 138139 -0. 1 2.552 22.676 -1. 8 8.74 
24.886 1.136657 -0.0 2.852 23.020 -2. 3 5.62 
29.999 1. 134913 0.2 3.151 23.233 -1.0 2.75 
34.887 1. 133091 0. 1 3.421 23.309 0.9 0.33 
40.004 1.131031 0.2 3.689 23. 268 1.8 -1.93 
44.978 1.128886 -1.3 3.938 23.123 3.6 -3.93 
49.904 1. 126634 0.6 4.175 22.880 — 0.8 -5.77 
54.829 1.124257 0.7 4.403 22.550 -2.6 -7. 50 
60.413 1.121415 -0.8 4.654 22. 081 -0.8 -9.37 
64.998 1.118975 0.5 4.854 21.616 -1.7 -10.83 
70.116 1. 116135 0.3 5.073 21.025 0.8 -12.37 
74.557 1.113577 -0.7 5.258 20.450 3.6 -13.63 
79.425 1. 110677 0.3 5.457 19.750 -2.0 -14.89 
m = 0.78425 
5.075 1. 186386 0.6 1.773 21.858 -2.0 20.60 
10.023 1.185250 -1.4 2.088 22.763 4. 2 15.86 
15.020 1. 183927 0.2 2.386 23.448 0.4 11.80 
20.068 1.182417 1.4 2.671 23.949 -3.0 8.29 
24.886 1.180821 -0.5 2.928 24.279 -1.2 5.41 
29.999 1.178976 -0.4 3.186 24.487 -0. 1 2.75 
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Table 13. (Continued) 
Ad a <j)^ *2 
xlO* xlO* xlO* xlQ: 
34.887 1. 177074 0. 1 3.422 24.567 0.7 0.51 
40.004 1. 174943 0.3 3.658 24.538 1.3 -1.60 
44.978 1.172741 -0.6 3.878 24.413 1.9 -3.46 
49.904 1.170443 0.0 4.089 24.198 0.0 -5.17 
54.829 1.168029 0.2 4.293 23.901 -1.3 -6.79 
60.413 1. 165159 -0.3 4.517 23.474 -1. 1 -8-53 
64.998 1.162701 1.1 4.697 23.050 -1.9 -9.89 
70. 116 1. 159850 -0.2 4.894 22.510 1.2 -11.33 
74.557 1.157288 -C.9 5.062 21.982 2.8 -12.51 
79.425 1. 154390 0.4 5.243 21.340 -1.7 -13.69 
m = 0.99472 
5.075 1.233701 0.2 2.025 23.227 -1. 3 18.93 
10.023 1.232384 -0.6 2.288 24.060 2.6 14.69 
15.020 1.230899 0.3 2.539 24.698 0.2 11.02 
20.068 1.229248 0.4 2.780 25.170 -1.6 7.83 
24.886 1.227537 -0.2 2.999 25.482 -1.2 5. 18 
29.999 1.225585 -0.5 3-221 25.684 -0.1 2.72 
34.887 1.223597 0.2 3.425 25.766 0.5 0.64 
40.004 1.221391 0.8 3.630 25.748 0.5 -1.32 
44.978 1.219127 -1.2 3.823 25.640 2.0 -3.06 
49.904 1.216779 0.4 4.009 25.447 -0.3 -4.65 
54.829 1.214324 0.2 4.189 25. 180 -1.0 -6.16 
60.413 1.211419 0.0 4.389 24.790 -1.2 -7.78 
64.998 1.208939 0. 4 4.551 24.405 -0.9 -9.04 
70.116 1.206070 -1.2 4.727 23.910 1.8 -10.38 
74.557 1.203502 0.9 4.879 23.423 0.6 -11.48 
79.425 1.200599 -0.2 5.043 22.835 -0.8 -12.60 
m = 1.2239 
5.075 1.284033 0. 8 2.258 24.547 -1. 5 17.46 
10.023 1.282527 -2. 1 2.475 25.319 3. 1 13.65 
15.020 1.280878 0. 9 2.683 25.913 -0. 2 10.32 
20.068 1.279079 1. 1 2.884 26.358 -1. 7 7.41 
24.886 1.277244 -1. 2 3.069 26.656 -0. 4 4.98 
29.999 1.275181 0. 6 3.257 26.851 -0. 8 2.72 
34.887 1.273098 0. 9 3.432 26.937 -0. 0 0.79 
40.004 1.270805 -0. 2 3.609 26.931 1. 1 -1.03 
44.978 1.268472 -1. 5 3.777 26.840 1. 8 —  2 m  64 
49.904 1.266064 -0. 4 3.940 26.671 0. 3 -4.13 
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t d Ad a 
*V •E 
xlO® xlO^ xlQ: xlO* 
54.829 1.263560 -0.2 4. 100 26.432 -0.6 -5.52 
60.413 1.260610 1.7 4.277 26.080 -2.1 -7.02 
64.998 1.258099 1.8 4.420 25.731 -1.7 -8.20 
70. 116 1.255200 -2.8 4.578 25.284 2.6 -9.45 
74.557 1.252617 0.2 4.712 24.839 1.0 - 10.49 
79.425 1.249704 0.4 4.856 24.300 -1.1 -11.56 
m = 1.4444 
5.075 1.331332 0. 4 2.452 25.697 -1.0 16.30 
10.023 1.329658 -0.9 2.630 26.418 1.9 12.81 
15.020 1.327854 -0.0 2.804 26.978 0.3 9.75 
20.068 1.325920 1. 2 2.974 27.399 -1.5 7.07 
24.886 1.323970 -0.2 3.131 27.685 -0.9 4.83 
29.999 1.321797 -0.4 3.294 27.878 -0. 1 2.73 
34. 887 1.319622 -0.3 3.445 27.968 0.6 0.94 
40.004 1.317245 -0.3 3.600 27.972 1.0 -0.76 
44.978 1.314841 0.1 3.747 27.896 0.6 -2.27 
49.904 1.312370 0. 1 3.890 27.749 0.0 — 3. 66 
54.829 1.309814 1.2 4.031 27.535 -1.3 -4.97 
60.413 1.306809 -1.0 4. 188 27.219 -0.3 -6.38 
64.998 1.304265 -0.2 4.315 26.900 -0.3 -7.49 
70.116 1.301340 -0.2 4.456 26.488 0.7 -8.67 
74. 557 1.298734 0.6 4.578 26.081 0.6 -9.64 
79.425 1.295800 -0.2 4.710 25.586 -0.5 -10.63 
m = 1.7108 
5.075 1.387010 0.5 2.648 26.958 -0.9 15.09 
10.023 1.385142 -1.2 2.794 27.628 1.8 11.96 
15.020 1.383161 -0. 1 2.937 28.153 0.3 9.20 
20.068 1.381065 1.9 3.077 28.553 -1.5 6.77 
24.886 1.378973 -0.5 3.208 28.830 — 0.6 4.72 
29.999 1.376664 -0.5 3.345 29.022 -0. 1 2.80 
34.887 1.374372 — 0. 6 3.472 29.119 0.7 1.15 
40. 004 1.371887 0.5 3.604 29.137 0.5 -0.41 
44.978 1.369387 -0. 1 3.730 29.081 0.6 -1.81 
49.904 1.366831 -0.2 3.853 28.959 0. 1 -3.10 
54.829 1.364200 1. 1 3.975 28.775 -1.0 -4.32 
60. 413 1.361120 -1.1 4.113 28.498 -0.2 -5.63 
64.998 1.358523 0.4 4.225 28.216 -0.5 -6.65 
70. 116 1.355545 0. 1 4.350 27.848 0.4 -7.74 
Table 13. (Continued) 
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t d Ad a ty A 4)^ Og 
xlO® xlO" xlQ: xlO^ 
74.557 1.352896 -0.2 4.457 27.485 0.9 -8.64 
79.425 1.349926 0. 1 4.575 27.040 —0. 6 -9 . 56 
ffl = 1.9407 
5.075 433784 0.6 2.798 27.959 —0 . 8 14.23 
10.023 1.431755 -1. 3 2.921 28.593 1.6 11.35 
15.020 1.429624 0. 1 3.043 29.094 0.2 8.81 
20.068 1.427388 1. 2 3.163 29.479 -1. 1 6. 56 
24.886 1.425175 -0.1 3.276 29.749 -0.7 4.67 
29.999 1.422746 -0. 1 3.393 29.942 -0.2 2.88 
34.887 1.420349 — 0.6 3.504 30.045 0.6 1.34 
40.004 1.417763 0.2 3.619 30.076 0.6 -0.12 
44.978 1.415174 -0.2 3.730 30.037 0. 6 -1.43 
49.904 1.412539 0. 1 3.839 29.936 -0. 0 -2.65 
54.829 1.409834 0.3 3.947 29.776 -0.6 -3.79 
60.413 1.406681 — 0. 6 4.069 29.530 -0. 4 -5.02 
64.998 1.404029 0.7 4.169 29.277 —0. 6 -5.99 
70.116 1.400996 0.5 4.280 28.945 0.2 -7.02 
74. 557 1.398304 -1.2 4.377 28.615 1.2 —7 « 87 
79.425 1.395293 0. 5 4.484 28.209 -0.7 -8.74 
m = 2.1911 
5.063 1.483408 -0.5 2.952 28.972 -0.3 13.48 
10.001 1.481213 1.4 3.052 29.571 0.5 10.83 
15.009 1.478911 -0. 3 3. 153 30.053 0. 3 8.48 
20.039 1.476529 — 1.1 3.254 30.426 -0.2 6.41 
24.867 1.474177 -0.4 3.351 30.692 -0.5 4.66 
29.967 1:471623 0.4 3.452 30.886 -0.3 3.00 
34.896 1.469087 1.3 3.549 30.998 -0. 1 1.56 
40.009 1.466385 0.2 3.649 31.043 0.5 0.19 
44.936 1.463716 -0.9 3.744 31.023 0.7 -1.02 
49.840 1.460998 -0.3 3.838 30.944 0. 1 -2. 16 
54.807 1.458181 0. 3 3.933 30.809 -0.5 -3.24 
60.376 1.454946 -1. 1 4.040 30.596 -0.2 -4.40 
65.051 1.452173 1. 1 4. 129 30.368 -0. 6 -5.33 
70.119 1.449101 0.9 4.227 30.074 0. 1 -6.29 
75.041 1.446053 -1.5 4.323 29.743 1.2 -7. 18 
79.578 1.443193 0.5 4.413 29.399 —0. 6 -7.94 
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Ad a <t>^ à(p^ *E 
xlO® xlO" xlO^ xlO' 
m = 2.4577 
5,063 1.534748 -0. 5 3.094 29.985 -0.3 12.76 
10.001 1.532375 1.7 3.177 30.555 0.4 10.33 
15.009 1.529903 -1.7 3.262 31.017 0.7 8.17 
20.039 1.527363 0.4 3.348 31.378 -0.6 6.27 
24.867 1.524865 -0.6 3.431 31.641 -0.4 4.64 
29.967 1.522166 0.0 3.517 31.838 -0.2 3.11 
34.896 1.519500 1.8 3.600 31.958 -0.3 1.77 
40.009 1.516671 -0.2 3.685 32.016 0.5 0.49 
44.936 1.513887 -1.4 3.767 32.012 0.8 -0.65 
49.840 1.511065 -0.0 3.847 31.953 0.0 -1.71 
54.807 1.508150 0.2 3.928 31.842 -0.4 -2.74 
60.376 1.504816 -0.3 4.020 31.659 -0.4 -3.84 
65.051 1.501964 0.9 4.097 31.459 -0.5 -4.71 
70.119 1.498816 0.5 4. 183 31. 197 0.2 -5.62 
75.041 1.495700 -1.4 4.269 30.901 1.0 -6.45 
79.578 1.492780 0.5 4.352 30.590 -0.5 -7.16 
m = 2.7232 
5.063 1.584348 -C.2 3.215 30.941 -0.4 12.12 
10.001 1.581806 0.5 3.289 31.485 0.6 9.89 
15.009 1.579173 -0. 5 3.363 31.929 0. 3 7.90 
20.039 1.576476 1.0 3.436 32.280 -0.7 6.14 
24.867 1.573834 -1.9 3.505 32.540 -0.0 4.63 
29.967 1.570996 0.3 3.578 32.738 -0.2 3.19 
34.896 1.568201 0.9 3.648 32.865 0.0 1.93 
40.009 1.565252 2. 1 3.720 32.932 -0.1 0.73 
44.936 1.562354 -1.9 3.789 32.943 0.8 -0.34 
49.840 1.559428 -1.4 3.859 32.901 0.4 -1.34 
54.807 1.556416 0.3 3. 929 32.809 -0.4 — 2.31 
60.376 1.552981 0.9 4.009 32.651 -0.7 -3.34 
65.051 1.550047 0. 1 4.077 32.476 -0.2 -4. 17 
70.119 1.546819 0.7 4.152 32.243 0. 1 -5.03 
75.041 1.543631 -1.5 4.227 31. 977 0.9 -5.82 
79.578 1.540651 0.6 4.298 31.696 -0.5 -6. 51 
m = 3.0085 
5.063 1.635914 0. 1 3.333 31.926 -0.4 11.52 
10.001 1.633199 -0. 1 3.395 32.445 0.7 9.47 
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t a Ad a 
*V 
xlO® xlO'* xlO: xlO^ 
15.009 1.630399 -0.2 3.456 32.871 0.2 7.63 
20.039 1.627543 0.6 3.518 33.212 -0. 5 5.99 
24. 867 1.624757 -0.7 3.576 33.467 -0.3 4.59 
29.967 1.621772 -0.5 3.637 33.667 -0.0 3.25 
34.896 1.618846 1.3 3.695 33.798 -0. 1 2.07 
40.009 1.615765 0.5 3.755 33.875 0. 3 0.94 
44.936 1.612754 -1.1 3.813 33.896 0.6 -0.07 
49.840 1.609720 0. 1 3.870 33.869 0. 0 -1.02 
54.807 1.606604 -0.9 3.930 33.796 -0. 1 -1.93 
60.376 1.603063 0.4 3.997 33.660 -0.5 -2.90 
65. 051 1.600049 1.2 4.056 33.506 -0.5 -3.69 
70.119 1.596737 0.4 4. 121 33.299 0.2 -4.50 
75,041 1.593474 -1.7 4.187 33.060 0.9 -5.24 
79.578 1.590430 0.7 4.251 32. 806 -0.5 -5.89 
m = 3.2635 
5.063 1.680454 -0.0 3.418 32.790 -0.3 11.02 
10.001 1.677598 0.3 3.472 33.287 0.6 9.11 
15.009 1.674661 -0.5 3.524 33.699 0.3 7.38 
20.039 1.671674 0.6 3.576 34.030 -0.5 5.84 
24.867 1.668770 —0.6 3.624 34.279 -0. 3 4.52 
29.967 1.665667 -Û.4 3.675 34.477 -0. 1 3.25 
34.896 1.662635 1. 2 3.723 34.610 -0.0 2. 13 
40.009 1.659451 0.9 3.774 34.691 0.2 1.07 
44.936 1.656344 -2.3 3.823 34.721 0.8 0.11 
49.840 1.653225 1.0 3.873 34.703 -0.2 -0.79 
54.807 1.650025 -0. 1 3.925 34.642 -0.2 — 1. 66 
60.376 1.646396 — 0.6 3.984 34.523 -0.2 -2.58 
65.051 1.643314 1.2 4.035 34.385 -0.4 -3.33 
70.119 1.639933 0.5 4.093 34.197 0. 1 -4. 10 
75.041 1.636608 -1.4 4. 150 33. 978 0.7 -4. 81 
79.578 1.633511 0.6 4.206 33.744 -0.4 -5.44 
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Table 14. d, a, 4»^ and for dysprosium chloride 
t d Ad a A<J)^ (p^ 
xlO® xlO" xlO* xlQ: 
m = 0.099896 
5.037 1.025323 — 0.6 0.456 14.902 -5.2 27.48 
10.011 1.024929 1.0 1.083 16.108 10.8 20.54 
15.022 1.024224 0.4 1.650 16.976 0.4 14.68 
20.064 1.023237 —0. 6 2. 165 17.581 -5.8 9.73 
24,923 1.022047 — 0.8 2.616 17.954 -5.5 5.68 
30.040 1.020565 -0.3 3.051 18.153 -1. 4 2. 03 
34.956 1.018938 0. 1 3.438 18.183 5.8 -1.03 
40.086 1.017044 0.8 3.813 18.054 4.4 — 3 . 87 
45.037 1.015040 1.0 4.155 17.795 -0.5 -6 . 36 
49.989 1.012871 0. 5 4.479 17.418 -4.0 — 8.69 
54.899 1.010567 -1.4 4.786 16.948 6.1 -10.87 
60.420 1.007807 -1. 3 5. 119 16.279 2.3 -13.22 
63.838 1.006013 0.8 5.318 15.785 -15.2 -14.63 
70.132 1.002539 0.6 5.673 14.803 3.3 -17. 12 
75.447 0.999444 0.3 5.960 13.848 11.2 -19.08 
79.524 0.996974 -0. 3 6. 171 13.025 -6. 6 -20.45 
m = 0.24062 
5.037 1.060409 — 0.8 0.798 16.753 -1.4 25.73 
10.011 1.059844 1.5 1.344 17.880 2.8 19.56 
15.022 1.058996 0.9 1.841 18.719 -1.6 14.25 
20.064 1.057888 -2.4 2.293 19.326 4.7 9.69 
24.923 1.056608 0. 1 2.693 19.692 -5.9 5.90 
30.040 1.055047 0.3 3.081 19.907 -3.0 2.45 
34.956 1.053360 -0. 1 3.427 19.960 3.0 -0.45 
40.C86 1.051418 0.7 3.766 19.866 2.4 -3. 13 
45.037 1.049379 0.8 4.075 19.651 0.6 -5.47 
49.989 1.047185 -0. 1 4.371 19.326 0.8 -7.63 
54.899 1.044866 — 0.6 4.652 18.900 -1. 1 -9.63 
60.420 1.042097 -1.6 4.956 18.311 2.0 -11.78 
63.838 1.040303 1. 1 5.139 17.877 -7.5 -13.08 
70.132 1.036836 0.0 5.464 16.992 3.7 -15.40 
75.447 1.033758 0.7 5.726 16.121 2.9 -17.31 
79.524 1.031305 -0.5 5.918 15.381 -2. 3 -18.74 
m = 0.40211 
5.037 1.099956 -0.2 1.152 18.417 -2.4 24.32 
10.011 1.099200 0.6 1.610 19.484 3.8 18.50 
121 
Table 14. (Continued) 




xlO* xlO^ xlQ: xlO* 
15.022 1.098193 -1.0 2.033 20.282 3.4 13.52 
20.064 1.096961 0.8 2.423 20.846 — 4.8 9.27 
24.923 1.095576 0.6 2.771 21.209 -4.9 5.76 
30.040 1.093924 -2.0 3.113 21.429 3.4 2.57 
34.956 1.092170 0.1 3.420 21.486 1.5 -0.12 
40.086 1.090172 2. 1 3.722 21.411 — 1.8 -2.62 
45.037 1.088087 -1.0 4.000 21.233 4.8 -4.81 
49.989 1.085863 0.4 4.265 20.939 -0.9 -6.83 
54.899 1.083523 -0.1 4.519 20.555 -1.9 -8.73 
60.420 1.080738 -2.6 4.794 20.023 3.3 -10.75 
63.838 1.078943 2.2 4.960 19.624 —6 . 8 -11.95 
70.132 1.075478 0.7 5.256 18.812 0.5 -14.07 
75.447 1.072406 -1.2 5.497 18.025 6.3 -15.74 
79.524 1. 069968 0.4 5.677 17.349 -3.5 -16.92 
m = 0.58323 
5.037 1.143434 -0.1 1.480 20.039 -1.7 22.55 
10.011 1.142483 0.2 1.861 21.029 3.3 17.23 
15.022 1.141315 0.2 2.216 21.773 0.5 12.67 
20.064 1.139944 -0.2 2.548 22.308 — 1.8 8.76 
24.923 1. 138450 -0.3 2.847 22.653 -1.9 5.51 
30.040 1. 136705 -0.4 3.142 22.858 -0.2 2.54 
34.956 1.134876 0.4 3.411 22.921 0.5 0.03 
40.086 1. 132814 0.5 3.677 22.863 1.4 -2.30 
45.037 1. 130685 0.2 3.922 22.697 1.3 -4.35 
49.989 1.126424 -0.2 4.158 22.433 0.4 -6.25 
54.899 1.126059 —0. 8 4.385 22.082 -0.2 -8.02 
60.420 1.123260 — C. 6 4.631 21.586 -1.0 -9.91 
63.838 1.121456 1.0 4.780 21.226 -2.8 -11.04 
70.132 1.117992 0.7 5.047 20.471 0.5 -13.02 
75.447 1.114931 -1. 1 5.265 19.741 4. 1 -14.59 
79.524 1.112505 o
 
* 5.428 19.116 -2.4 -15.70 
m = 0.77347 
5.037 1,188145 -0. 1 1.766 21.543 -1.4 20.86 
10.011 1.187009 0. 1 2.078 22.460 2.6 15. 97 
15.022 1.185685 0. 1 2-374 23.151 0.5 T1.78 
20.064 1.184182 0. 1 2.653 23.649 -1.7 8.17 
24.923 1.182582 -0.3 2.908 23.971 -1.5 5. 16 
30.040 1.180746 -0.0 3. 163 24. 165 -0.5 2.41 
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xlO® xlO^ xlQ: xlO = 
34.956 1. 178843 0.0 3.397 24.226 0.8 0.08 
40.086 1. 176720 -0. 2 3.630 24. 174 1.8 -2.11 
45.037 1.174545 0. 5 3.846 24.020 0.7 -4.03 
49.989 1.172249 0.3 4.055 23.776 -0.2 — 5.81 
54.899 1.169858 -0.7 4.256 23.449 -0.3 -7.47 
60.420 1.167042 0. 1 4.476 22.986 -1.5 -9.25 
63.838 1.165232 . 0.4 4.609 22.652 -1.3 -10.30 
70.132 1.161768 —0. 6 4.850 21.949 1.9 -12.14 
75.447 1.158717 0.7 5.049 21.264 1.0 -13.58 
79.524 1.156298 -0. 3 5. 199 20.687 -1.0 -14.59 
m = 0.98284 
5.037 1.236260 -0. 1 2.013 23.024 -1. 1 19.09 
10.011 1.234944 0.3 2.268 23.863 1. 9 14.67 
15.022 1.233465 -0. 3 2.512 24.499 0. 7 10.85 
20.064 1.231831 -0.2 2.745 24. 960 -1. 0 7.56 
24.923 1.230124 0.2 2.961 25.258 -1. 6 4.80 
30.040 1.228193 0.4 3.178 25.438 -0. 8 2.26 
34.956 1.226214 -0.4 3.379 25.496 1. 0 0.09 
40.086 1.224028 0.2 3.581 25.448 1. 0 -1.94 
45.037 1.221802 —0. 6 3.769 25.307 1. 4 — 3. 73 
49.989 1.219469 0.8 3.952 25.079 -0. 7 -5.39 
54.899 1.217050 — 0. 8 4.130 24. 776 -0. 2 -6.95 
60.420 1.214214 -0.4 4.324 24.346 -0. 8 -8 . 60 
63.838 1.212397 1.0 4.443 24.035 -1. 5 -9.58 
70. 132 1.208928 -0.1 4.659 23.380 1. 0 -11.28 
75.447 1.205880 -0.5 4.839 22.745 1. 9 -12.62 
79.524 1.203470 0.2 4.977 22.208 -1. 3 -13.55 
m = 1.2040 
5.037 1.285873 -0. 1 2.221 24.424 -0.9 17.47 
10.011 1.284387 0. 2 2.427 25.194 1.6 13.47 
15.022 1.282761 -0. 1 2.627 25.779 0.4 10.00 
20.064 1.281000 -0.3 2.821 26.204 -0.8 6.98 
24.923 1.279189 0.3 3.002 26.479 -1.4 4.44 
30.040 1.277165 0.2 3. 186 26.646 -0.5 2. 10 
34.956 1.275112 -0.3 3.358 26.700 0-7 0.09 
40.086 1.272861 -0.0 3.532 26.656 1.0 -1.79 
45.037 1.270585 0.0 3.696 26.525 0.8 -3.46 
49.989 1.268212 0.5 3.856 26.314 -0.3 -5.00 
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t d Ad a V 
xlO® xlO* xlQ: xlO^ 
54.899 1.265763 -0.3 4.013 26.033 -0.5 -6.45 
60.420 1.262902 -0.5 4.185 25.634 — 0. 6 -7.98 
63.838 1.261075 0.4 4.290 25.345 -0. 9 -8.90 
70.132 1.257598 0.4 4. 48 2 24.736 0. 5 -10.50 
75.447 1.254551 -0.4 4.642 24. 145 1.5 -11.76 
79.524 1.252149 0. 1 4.764 23.645 — 1.0 -12.65 
m = 1.4377 
5.037 1.337002 -0.3 2.390 25. 766 —0. 6 15.97 
10.011 1.335358 0.7 2.558 26.470 1. 1 12.36 
15.022 1.333592 0. 1 2.723 27.007 0. 3 9.21 
20.064 1.331707 -0.5 2.884 27.399 —0. 6 6.45 
24.923 1.329793 -0. 5 3.036 27.655 -0.7 4. 13 
30.040 1.327677 0.5 3.192 27.810 —0. 6 1.97 
34.956 1.325546 -0.0 3.339 27.862 0.5 0.12 
40.086 1.323227 0.2 3.489 27.823 0.8 -1.62 
45.037 1.320897 -0.0 3.631 27.704 0.7 -3. 17 
49.989 1.318479 C.9 3.771 27.510 -0. 5 —4. 60 
54.899 1.315994 —0. 8 3.908 27.251 -0. 1 -5.95 
60.420 1.313103 -1.2 4.059 26.883 -0. 1 -7.38 
63.838 1.311263 C.9 4. 153 26.615 -1.0 -8.23 
70.132 1.307770 0.3 4.323 26.051 0.5 -9.72 
75.447 1.304718 -0. 1 4.466 25.503 1.0 -10.90 
79.524 1.302316 -0.1 4.575 25.039 -0.7 -11.75 
m = 1.6713 
5.037 1.386772 0. 1 2.526 26.987 -0.7 14.70 
10.011 1.384983 0.0 2.663 27.637 1. 3 11.41 
15.022 1.383089 -0. 1 2.799 28.134 0.3 8.53 
20,064 1.381092 -0.7 2.933 28.498 -0. 4 6.00 
24.923 1.379083 0.6 3.061 28.736 -1.1 3.87 
30.040 1.376877 0.6 3.194 28.882 — 0. 6 1.87 
34.956 1.374673 -0.2 3.320 28.932 0.5 0. 16 
40.086 1.372288 -0. 1 3.450 28.898 0.8 -1.47 
45.037 1.369904 — 0.6 3.574 28.790 0.9 -2.91 
49.989 1.367440 -0.4 3.696 28.612 0.2 -4.25 
54.899 1,364921 0.7 3.817 28.371 -0.8 -5.50 
60.420 1.361997 0.3 3.952 28.030 —0. 8 -6.84 
63.838 1.360139 -0. 1 4.034 27.783 -0.4 —7 . 63 
70.132 1.356624 0. 1 4. 187 27.260 0.5 -9.03 
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Table 14. (Continued) 






xlO® xlO- xlO* xlQZ 
75.447 1.353562 — 0.6 4.315 26.751 1. 1 -10.13 
79.524 1.351156 0.3 4.414 26.320 —0 . 8 -10.92 
m = 1.9291 
5.037 1.440219 0.2 2.640 28.225 —0 . 6 13.49 
10.011 1.438288 -0.5 2.752 28.821 1.3 10.51 
15.022 1.436266 0.3 2.865 29.280 0. 1 7.89 
20.064 1.434153 0.0 2.977 29.617 — 0.6 5.59 
24.923 1.432042 0.3 3.085 29.840 —0 . 8 3.63 
30.040 1.429742 -0.2 3.197 29.979 -0.2 1.80 
34.956 1.427458 -0.4 3.305 30.028 0.5 0.21 
40.086 1.425000 0. 1 3.416 30.000 0.6 -1.29 
45.037 1.422554 0.2 3.523 29.903 0.4 -2.62 
49.989 1.420037 0.3 3.630 29.741 -0. 1 -3.86 
54.899 1.417471 -0.3 3.735 29.523 -0.3 -5.03 
60.420 1.414504 -0.7 3.854 29.210 -0.3 -6.27 
63.838 1.412626 1.0 3.927 28.983 -0.7 -7.01 
70.132 1.409076 -0.3 4.063 28.502 0.6 -8.30 
75.447 1.405994 0.0 4.179 28.033 0.7 -9.33 
79.524 1.403575 0.0 4.269 27.636 -0. 5 -10.06 
m = 2.1896 
5.602 1.492445 0.5 2.743 29.441 -0.7 12. 11 
10.023 1.490609 -1.2 2.823 29.925 1.3 9.71 
15.016 1.488476 0.3 2.916 30.348 0.2 7.33 
20.057 1.486255 0.8 3.011 30.662 -0.7 5.22 
24.873 1.484068 0.4 3. 102 30.870 -0.7 3.44 
30.041 1.481653 -0.5 3.199 31.004 -0.0 1.74 
34.991 1.479273 -0.9 3.293 31.054 0.5 0.27 
40.024 1.476789 -0.0 3.388 31.033 0.5 -1.09 
44.923 1.474307 0.7 3-481 30.948 0.1 -2.32 
49.944 1.471698 0.1 3.575 30.802 -0. 1 -3.49 
54.878 1.469084 14.1* 3.668 30.597 -5.2 -4.58 
60.407 1.466051 0. 1 3.773 30.316 —0 . 6 -5.75 
63.822 1.464146 —0. 6 3.839 30.108 -0.2 — 6 . 43 
70.160 1.460533 0.6 3.962 29.662 0.2 -7.64 
75.094 1.457645 -0.3 4.060 29.264 0.7 -8.53 
79.608 1.454946 0. 1 4.152 28.860 -0.4 -9.28 
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5.602 1. 594626 -0.2 2.838 31.518 -0. 4 10.34 
10.023 1. 592605 0.2 2.900 31.931 0.7 8. 35 
15.016 1. 590273 1.0 2.971 32.296 -0.0 6.35 
20.057 1. 587863 -1.1 3.044 32.570 -0. 1 4.57 
24.873 1. 585511 0.0 3.113 32.753 -0.5 3.06 
30.041 1. 582931 -1.0 3.189 32.874 0. 1 1.61 
34.991 1. 580409 2.0 3.261" 32.922 -0.3 0.35 
40.024 1. 577785 0.0 3.335 32.910 0.4 -0.82 
44.923 1. 575180 -2. 1 3.408 32.844 0.9 -1.88 
49.944 1. 572461 1.7 3.483 32.722 -0.4 -2.90 
54.878 1. 569731 0.4 3.558 32.555 -0.4 -3.85 
60.407 1. 566607 -1.7 3.643 32.315 0.0 -4. 85 
63.822 1. 564648 0.9 3.697 32.139 -0.5 -5.45 
70.160 1. 560933 -0.8 3.800 31.761 0.5 -6.50 
75.094 1. 557979 1. 1 3.883 31.420 0.2 -7.27 















Table 14. (Continued) 
Ad a A(j)^ *2 
xlO® xlO^ xlQ: xlO' 
15.016 1.635000 -1. 1 2.973 33. 115 0.5 5.94 
20.057 1.632527 1.2 3.039 33.371 -0.6 4.29 
24.873 1.630113 0.2 3.103 33.543 -0.5 2.88 
30.041 1.627472 -0. 1 3. 171 33.656 -0.2 1.52 
34.991 1.624892 -0.7 3.238 33.703 0.4 0.35 
40.024 1.622219 -0. 3 3.306 33.692 0.5 -0.75 
44.923 1.619569 1.6 3.373 33.630 -0. 1 -1.74 
49.944 1.616799 -1.2 3.441 33.519 0.3 -2.70 
54.878 1.614029 -0.2 3.510 33.363 -0.2 -3.59 
60.407 1.610865 0.4 3.589 33. 138 -0.5 -4.53 
63.822 1.608879 0.2 3.638 32.974 -0.3 -5.09 
70. 160 1.605125 0. 1 3.734 32.620 0.2 -6.08 
75.094 1.602139 -0.5 3.812 32.302 0.6 -6.80 
79.608 1.599358 Oo 2 3.888 31.980 -0.4 -7.42 
m = 3.2868 
5.602 1.696806 -0. 1 2.845 33.502 -0.3 8.79 
10.023 1.694655 0.5 2.896 33.854 0.5 7.11 
15.016 1.692180 -1. 3 2.954 34.166 0.5 5.42 
20.057 1.689639 1.2 3.014 34.399 —0. 6 3.91 
24.873 1.687163 -0. 1 3.072 34.556 -0. 4 2.63 
30. 041 1.684460 -0.3 3.135 34.660 -0. 1 1.39 
34.991 1.681823 -0.2 3.195 34.701 0.2 0.31 
40.024 1.679094 0.2 3.258 34.691 0.3 -0.70 
44.923 1.676391 -0. 1 3.319 34.635 0.3 — 1.61 
49.944 1.673574 0.3 3.382 34.531 -0.0 -2.49 
54.878 1.670757 -0. 1 3.446 34.388 -0.2 -3.30 
60.407 1.667542 -0.5 3.520 34.181 -0.2 -4. 17 
63.822 1.665527 0.3 3.566 34.030 -0.3 — 4 . 68 
70.160 1.661719 0.5 3.657 33.704 0. 1 -5.59 
75.094 1.658692 -0.6 3.731 33.413 0.5 -6.25 
79.608 1.655875 0.2 3.803 33.117 -0.3 -6.81 
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Table 15. d, a, and <j>£ for erbium chloride 
t d Ad a 4»^ A4)^ <p^ 
xlO® xlO** xlQ: xlQ: 
m = 0.094238 
5.602 1.024496 — 0.8 0.525 13. 133 -4.0 27.33 
10.023 1.024133 1.2 1.081 14. 216 7.9 21.29 
15.016 1.023432 0.5 1.649 15. 123 1. 1 15. 45 
20.057 1.022445 -0.3 2. 166 15. 764 -7.3 10.45 
24.873 1.021266 -1.0 2.615 16. 170 -3.5 6.37 
30.041 1.019770 — 0. 8 3.056 16. 406 3.0 2.59 
34.991 1.018129 0.0 3.446 16. 456 5.5 -0.58 
40.024 1.016271 1.2 3.816 16. 347 -1.0 -3.44 
44.923 1.014287 1. 1 4.155 16. 116 -1. 1 -5.97 
49-944 1.012088 0.0 4.485 15. 758 1.5 — 8.37 
54.878 1.009773 -0.4 4.795 15. 285 -3.0 —10.60 
60.407 1.007005 -1. 1 5. 128 14. 636 1.0 -13.00 
63.822 1.005210 -0.4 5.328 14. 164 -3.0 -14.43 
70.160 1.001707 0.3 5.686 13. 175 4.5 -17.00 
75.094 0.998835 1.4 5.953 12. 283 -1.2 -18.91 
79.608 0.996100 -0.8 6. 188 11. 392 -0.4 -20.56 
m = 0.23873 
5.602 1.061478 -0.5 0.888 15. 079 -2.7 26.13 
10.023 1.060949 0.8 1.365 16. 113 4.8 20.45 
15.016 1.060094 0. 3 1.856 16. 991 1.4 14.98 
20.057 1.058980 -0.2 2.307 17. 621 —3. 2 10.33 
24.873 1.057701 -0.7 2.703 18. 025 -2.6 6.53 
30.041 1.056117 -0.4 3.095 18. 271 -0.4 3.02 
34.991 1.054409 0. 3 3.444 18. 349 1.3 0.09 
40.024 1.052494 0.7 3.776 18. 285 1.6 -2.57 
44.923 1.050469 0.2 4.083 18. 101 2.2 -4.93 
49.944 1.048238 -0. 1 4.382 17. 795 -0.2 -7. 17 
54.878 1.045928 26. 8* 4.663 17. 276 -113.6 -9.26 
60.407 1.043120 -0.5 4.967 16. 812 -3.5 -11.49 
63.822 1.041320 -0.4 5. 148 16. 398 -2.0 -12. 82 
70.160 1.037819 0.1 5.475 15. 514 3.0 -15.19 
75.094 1.034957 0.9 5.720 14. 721 2. 1 -16.92 
79.608 1.032236 -0.5 5.937 13. 920 -1.8 -18.37 
m = 0.41670 
5.602 1.106188 -0.3 1.274 16. 933 -2. 1 24.35 
10.023 1. 105468 0.3 1.668 17. 898 4.0 19. 16 
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Table 15. (Continued) 
t d Ad a û'i'v *E 
xlO® xlO* xlQ: xlO^ 
15.016 1. 10 4434 0.7 2.079 18.722 -0. 1 14. 15 
20.057 1. 103168 -0.8 2.461 19.324 —0. 8 9.86 
24.873 1. 101770 -0.5 2.800 19.711 -2.2 6.35 
30.041 1.100080 -0.1 3.139 19.954 -1.1 3. 10 
34.991 1.098290 0.8 3.444 20.039 -0.5 0.37 
40.024 1.096305 -0. 1 3.73 6 19.998 2.8 -2. 10 
44.923 1.094227 -0.1 4.007 19.840 2. 5 -4.29 
49.944 1.091955 -0. 1 4.272 19.570 0. 5 — 6.37 
54.878 1.089588 0. 2 4.523 19.205 -2.2 -8.30 
60.407 1.086783 -0.4 4.794 18.689 — 1.6 -10.37 
63.822 1.084976 0.4 4.957 18.313 — 2. 6 — 11. 60 
70. 160 1.081470 -0.8 5.250 17.514 3.8 -13.79 
75.094 1.078615 1. 1 5.472 16.791 0.7 -15.38 
79.608 1.075905 -0.4 5.668 16.063 -1.2 -16.74 
m = 0.60471 
5.602 1.152470 -0.3 1-612 18.607 -1.4 22.53 
10.023 1.151566 0. 1 1.935 19.500 3. 1 17.80 
15.016 1. 150356 1.2 2.276 20-267 -0.7 13.21 
20.057 1. 148942 -0.6 2.597 20.831 — 0. 8 9.27 
24.873 1.147425 -0.5 2.885 21-197 -1.5 6.03 
30.041 1.145628 -0.9 3. 177 21-430 0.5 3.01 
34.991 1.143754 0.3 3.440 21-515 0.4 0.47 
40.024 1.141702 1. 1 3.695 21-479 0.3 -1.85 
44.923 1.139569 0.0 3.933 21-339 1.5 -3.90 
49.944 1.137254 -0.3 4. 167 21-092 0.6 -5.86 
54.878 1.134856 0.6 4.388 20.755 —2. 2 -7.67 
60.407 1.132030 -0.1 4.629 20.278 -1.7 -9.60 
63.822 1.130212 -1.4 4.774 19.933 0.9 -10.75 
70. 160 1.126704 -0.4 5.037 19.188 1.9 -12.77 
75.094 1.123854 2.0 5.237 18.518 —0.8 -14.23 
79.608 1.121152 -0.9 5.417 17-848 -0. 1 -15.46 
m = 0.81039 
5.602 1.202028 -0.1 1.910 20.208 -1.3 20.65 
10.023 1.200943 -0.0 2.173 21.028 2.4 16.39 
15.016 1.199556 0.4 2.453 21.738 0. 3 12.23 
20.057 1.197992 0.1 2.720 22.260 -1.4 8.63 
24.873 1.196353 -0.7 2.961 22. 603 -1.0 5.65 
30.041 1.194447 -0.3 3.208 22.822 -0.3 2.86 
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Table 15. (Continued) 
t d Ad G 
*V AOy 
xlO® xio"* xlO^ xlO* 
34.991 1. 192485 0.3 3.433 22.905 0.3 0.50 
40-024 1.190360 0.5 3.653 22.875 0.9 — 1. 66 
44.923 1.188171 -0.2 3.859 22.746 1.4 -3.58 
49.944 1.185811 G.2 4.063 22.519 -0.1 -5.40 
54.878 1.183378 -0.2 4.258 22.210 -0.7 -7.09 
60.407 1. 180525 -0.5 4.470 21.767 —0 . 8 -8.89 
63.822 1. 178700 0.3 4.598 21.445 -1.2 -9.96 
70.160 1. 175182 -0. 1 4.832 20.756 1.0 -11.84 
75.094 1. 172332 0.3 5.009 20.137 1.3 -13.22 
79.608 1. 169642 -0.2 5.169 19.511 -1.0 -14.40 
m = 1.3138 
5.088 1.318941 1-0 2.400 23.387 -1.5 17.38 
9.999 1.317326 -2.7 2.578 24.150 3. 2 13.56 
15.017 1.315568 1.1 2.754 24.740 -0.3 10. 19 
20.057 1.313687 1.2 2.925 25.177 -1.6 7.25 
24.887 1.311780 -0.4 3.085 25.467 —0 . 8 4.79 
30.029 1.309645 0. 1 3. 251 25.653 -0.4 2.48 
34.889 1.307528 -0.2 3.404 25.727 0.6 0.53 
40.068 1.305171 -0.4 3.562 25.705 1.2 -1.34 
44.957 1.302853 -0.8 3.709 25.599 1.2 -2.97 
49.947 1.300396 0. 1 3.856 25.411 -0.0 -4.52 
54.946 1.297846 0.7 4.000 25.147 -1.1 -5.98 
60.437 1.294943 0.7 4. 156 24.777 -1.3 -7.50 
63.782 1.293123 -0-1 4.250 24.512 -0.5 -8.39 
70.065 1.289602 -0.5 4.425 23.935 1.0 -9.99 
74.869 1.286823 -0.4 4.557 23.428 1.3 -11. 14 
79.282 1.284204 0. 4 4.679 22.912 -1.0 -12. 12 
m = 1.5830 
5.088 1.378802 0.7 2.585 24.893 -1.1 15.77 
9.999 1.377004 -1.7 2.722 25.585 2. 1 12.35 
15.017 1.375079 0.5 2.860 26.124 0. 1 9.31 
20.057 1.373050 0.2 2.997 26.525 —0 « 8 6.66 
24.887 1.371022 1.6 3. 127 26.790 — 1.6 4.43 
30.029 1.368769 -1.0 3.262 26.964 0-2 2.32 
34.889 1.366560 0. 1 3.388 27.033 0-3 0.53 
40.068 1.364117 -0.5 3.520 27.016 1.0 -1.19 
44.957 1.361730 —0. 6 3.643 26.920 0-9 -2.69 
49.947 1.359215 -0.1 3.767 26.749 0- 1 -4. 13 
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Table 15. (Continued) 
t d Ad a 
*V 
xlO* xlO^ xlO^ xlQ: 
54.946 1.356618 0.6 3.889 26.508 —0. 8 -5.48 
60.437 1.353675 1.5 4.022 26.167 -1.4 -6.89 
63.782 1.351835 -0.9 4.103 25.925 0.0 -7.71 
70.065 1.348290 —0. 8 4.255 25.394 0.9 -9.19 
74. 869 1.345500 0.2 4.371 24.927 0.8 -10.25 
79.282 1.342876 0.2 4.479 24.453 -0.7 -11.15 
m = 1.8457 
5.088 1.435473 0.7 2.723 26.241 -0.9 14.44 
9.999 1.433515 -1.3 2.830 26.875 1.7 11.34 
15.017 1.431442 —0. 6 2.940 27.372 0.5 8.58 
20.057 1.429285 1.8 3.050 27.740 -1.4 6. 16 
24.887 1.427143 0. 1 3.156 27.988 — 0.8 4, 12 
30.029 1.424787 -0.2 3.268 28.150 -0.2 2. 19 
34.889 1.422489 -0.3 3.374 28.216 0.5 0.54 
40.068 1.419965 -0.7 3.485 28.203 0.9 -1.05 
44.957 1.417513 0.4 3.589 28.117 0.3 -2.44 
49.947 1.414938 -1.2 3.694 27.961 0.5 -3.77 
54.946 1.412293 1.5 3.799 27.740 -1. 1 -5.02 
60.437 1.409305 0.4 3.914 27.428 -0.7 -6.33 
63.782 1.407444 -0.5 3.984 27.204 -0.2 -7. 10 
70.065 1.403867 0.2 4.117 26.715 0.4 -8.47 
74.869 1.401058 -0.7 4.220 26.285 1.1 -9.45 
79.282 1.398422 0.4 4.317 25.847 -0.7 -10.29 
m = 2.1014 
5.088 1.489047 0.9 2.816 27.455 -0.8 13.27 
9.999 1.486953 -2.4 2.907 28.040 1.8 10.47 
15.017 1.484754 1.1 2.999 28.499 -0.2 7.97 
20.057 1.482477 1.3 3.092 28.843 -1.0 5.76 
24. 887 1.480232 -0.7 3.180 29.075 -0.4 3.88 
30.029 1.477779 0. 2 3.273 29.228 -0.3 2.09 
34.889 1.475398 -0.4 3.361 29.293 0.4 0.57 
40.068 1.472796 —0. 6 3.455 29.284 0.8 -0.92 
44.957 1.470278 -0.0 3.544 29.207 0.5 -2.21 
49.947 1.467648 0.6 3.635 29.065 -0.2 -3.45 
54.946 1.464950 0. 1 3.726 28.863 -0.4 -4.61 
60.437 1.461916 0.3 3.827 28.575 — 0. 6 -5.83 
63.782 1.460030 -0.3 3.888 28.368 -0.2 -6.55 
70.065 1.456414 -0.0 4.005 27.917 0.4 -7.83 
Table 15. (Continued) 
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Ad a (p^ A(j>^ *2 
xlO* xlO* xlQ: xlO' 
74.869 1.453583 -0.2 4.096 27.519 0.7 -8.76 
79.282 1.450931 0.2 4.180 27.113 -0.5 -9.56 
m = 2.3872 
5.088 1.547124 0.5 2.898 28.711 -0.6 12.17 
9.999 1.544896 -0.9 2.970 29.247 1. 1 9.63 
15.017 1.542567 -0.0 3.044 29.671 0.2 7.35 
20.057 1.540173 0.3 3.120 29.989 -0.6 5.34 
24.887 1.537828 0.5 3. 192 30.204 -0.7 3.62 
30.029 1.535274 0.2 3.270 30.348 -0.2 1.98 
34.889 1.532809 0.2 3.344 30.410 0.2 0.58 
40.068 1.530124 -0.2 3.423 30.404 0.6 -0.79 
44.957 1.527535 -2. 1 3.499 30.337 1.0 -1.99 
49.947 1.524845 1.4 3.576 30.207 -0.4 -3.13 
54.946 1.522090 0.1 3.655 30.023 -0.4 -4.21 
60.437 1.519004 1.1 3.742 29.760 -0.8 -5.35 
63.782 1.517089 -0.2 3.796 29.571 -0.2 -6.01 
70.065 1.513424 -1.2 3.899 29.157 0.7 -7.19 
74.869 1.510564 0.5 3.981 28.790 0.4 -8.05 
79.282 1.507887 0. 1 4.057 28.418 -0.4 -8.78 
m = 2.6661 
5.088 1.602011 0.9 2.939 29.843 -0. 6 11. 19 
9.999 1.599674 -2.4 3.001 30.336 1.4 8.87 
15.017 1.597244 0.9 3.064 30.727 -0.1 6.79 
20.057 1.594755 1.6 3.128 31.021 -0.8 4.94 
24. 887 1.592321 -0.3 3.190 31.221 -0.4 3.36 
30.029 1.589683 -1.1 3.256 31.355 0.1 1.85 
34.889 1.587147 0.5 3.320 31.413 0.1 0.56 
40.068 1.584392 0.2 3.388 31.409 0.4 -0.71 
44.957 1.581744 -0.8 3.453 31.347 0.6 -1.82 
49.947 1.578994 -0.1 3.521 31.229 0.0 -2.88 
54.946 1.576190 0.3 3.591 31.060 -0.4 —3 . 88 
60.437 1.573053 1.0 3.669 30.817 -0.7 -4.93 
63.782 1.571110 -0.2 3.717 30.642 -0.2 -5.55 
70.065 1.567398 -0.8 3.811 30.260 0.6 — 6.64 
74.869 1.564504 0.1 3.886 29.921 0.5 -7.43 
79.282 1.561799 0. 1 3.956 29.577 -0.4 — 8.12 
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Table 15- (Continued) 










xlO® xlO" xlQ: xlO^ 
m = 3.0217 
5,088 1.669536 0.8 2.946 31.169 -0.5 10.04 
9.999 1.667098 -1.5 2.999 31.612 1.0 7.97 
15.017 1. 664568 -0.7 3.054 31.963 0.3 6.11 
20.057 1.661989 2.6 3. 109 32.227 -1.0 4.44 
24.887 1.659470 -0.9 3. 162 32.407 -0.2 3.02 
30.029 1.656751 0. 1 3.218 32.527 -0.2 1.65 
34.889 1.654140 0. 1 3.272 32.579 0.2 0.48 
40.068 1.651315 -0.0 3.331 32.574 0.4 -0.67 
44.957 1.648605 — 0.6 3.387 32.516 0.5 -1.68 
49.947 1.645796 -1. 1 3.446 32.407 0.3 -2.65 
54.946 1.642941 1. 1 3.506 32.251 -0.5 -3.56 
60.437 1.639750 0.8 3.575 32.029 -0.5 -4.52 
63.782 1.637778 0.3 3.619 31.869 -0.3 -5.08 
70.065 1.634014 -0. 3 3.705 31.519 0.4 -6.07 
74.869 1.631081 -1.0 3.774 31.210 0.7 -6.79 
79.282 1.628344 0.6 3.842 30.896 -0.5 -7.40 
m = 3.3085 
5.088 1.721988 0.7 2.922 32. 166 -0.5 9.20 
9.999 1.719497 — 1.6 2.969 32.571 0.9 7.29 
15.017 1.716919 0.6 3.017 32.892 0.0 5.57 
20.057 1.714288 0.2 3.066 33.133 -0.4 4.03 
24.887 1.711731 0. 1 3.115 33.295 -0. 4 2.72 
30.029 1.708970 0.6 3. 166 33.402 -0.3 1.45 
34.889 1.706321 0.7 3.216 33.446 0. 1 0.37 
40.068 1.703457 -0.2 3.271 33.438 0.4 -0.69 
44.957 1.700711 -2.9 3.323 33.381 0.9 -1.63 
49.947 1.697873 0.6 3.378 33.277 -0.1 -2.52 
54.946 1.694985 1.4 3.436 33.129 -0.5 -3.37 
60.437 1.691759 -0.0 3.501 32.920 -0.3 -4.25 
63.782 1.689768 0.9 3.543 32.769 -0.4 -4.76 
70.065 1.685965 -0.5 3.626 32.442 0.4 -5.68 
74.869 1.683002 -1. 1 3.695 32. 153 0.7 -6.33 
79.282 1.680238 0.7 3.761 31.860 -0. 4 -6.89 
m = 3.5697 
5.088 1.768127 0.2 2.874 33.050 -0.4 8.47 
9.999 1.765614 -0.5 2.919 33.423 0.7 6.69 
133 
Table 15. (Continued) 
t d Ad a *V 
xlO® xlO" xlQ: xlQ: 
15. 017 1.763009 -0. 1 2.965 33.717 0. 1 5.09 
20. 057 1.760356 0.3 3.012 33.936 -0.4 3.66 
24, 887 1.757777 -0.2 3.057 34.083 -0.3 2.44 
30. 029 1.754995 0.4 3. 106 34.178 -0. 2 . 1.26 
34. 889 1.752328 C.4 3.153 34.215 0. 1 0.25 
40. 068 1.749444 -0. 1 3.205 34.202 0.4 -0.74 
44. 957 1.746682 -1.0 3.256 34.144 0.5 — 1.61 
49. 947 1.743823 -0.5 3.31 1 34.042 0. 1 -2.44 
54. 946 1.740916 0.8 3.367 33.900 -0.4 — 3 . 23 
60. 437 1.737669 0.9 3.433 33.700 -0.5 -4.04 
63. 782 1.735662 -0. 1 3.475 33.557 -0.2 -4.52 
70-06 5 1.731830 -0.6 3.559 33.247 0. 4 -5.36 
74. 869 1.728844 -0.1 3.628 32.975 0.4 -5.97 
79. 282 1.726053 0. 2 3.695 32.699 -0. 3 — 6 . 48 
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Table 16 p •e- < and (|>g for ytterbium chloride 
t d Ad a A*V 
xlO® xlO" xlO* xl0 = 
m = 0.096912 
5.073 1.025992 -0.9 0.467 10.820 -1.7 28.87 
10.018 1.025597 2.2 1.092 12.073 -1.0 21.99 
15.030 1.024884 —0. 6 1.661 13.034 10.4 16.08 
20.067 1.023891 -1.0 2.176 13.702 -2.0 11.04 
24.896 1.022705 -0.4 2.624 14.124 -9.9 6.90 
30.011 1.021217 -0.2 3.060 14.385 -2.7 3.11 
34.910 1.019591 0.4 3.445 14.463 2.2 -0.07 
40.072 1.017680 1.0 3.823 14.381 1.9 -3.05 
44.979 1.015637 -0. 1 4. 161 14.175 10.6 -5.63 
49.920 1.013519 0.2 4.485 13.826 —0 . 6 -8.03 
54.920 1.011169 -0. 1 4.798 13.359 -7.5 -10.32 
60.458 1.008391 -1.3 5.132 12.730 2.3 -12.73 
63.783 1.006640 -0. 1 5.326 12.275 —6 . 8 -14. 12 
70.104 1.003144 0.9 5.683 11.308 -0.5 -16.64 
75.008 1.000287 0.3 5. 948 10.459 11.2 -18.45 
79.400 0.997625 -0.4 6.177 9.598 -5.9 -19.95 
m = 0.24755 
5.073 1.065750 0. 1 0.869 12.904 -5.1 27.61 
10.018 1.065150 -0.3 1.397 14.118 10.6 21.05 
15.030 1.064288 14.6* 1.883 14.966 -52.7 15.48 
20.067 1.063144 0.5 2.329 15.671 -5.6 10.78 
24.896 1.061846 -0.1 2.722 16.098 —4. 6 6.95 
30.011 1.060263 -0.2 3. 107 16.366 -1.1 3.47 
34.910 1.058561 -0.3 3.450 16.468 3.5 0.56 
40.072 1.056585 0.4 3.789 16.425 3. 1 -2.17 
44.979 1.054542 -0. 1 4.093 16.260 3.9 -4.54 
49.920 1.052335 -0. 1 4.385 15.977 0.7 -6.77 
54.920 1.049956 0.2 4.668 15.580 -3.8 -8.91 
60.458 1.047157 0. 1 4.969 15.023 -4.7 -11.17 
63.783 1.045398 -0.2 5.145 14.632 -2.0 -12.47 
70.104 1.041896 -0. 1 5.469 13.774 3.7 -14.84 
75.008 1.039044 0.2 5.712 13.006 4.8 -16.51 
79.400 1.036391 -0. 1 5.924 12.242 -3.6 -17.86 
m = 0.42932 
5.073 1.112845 -0.2 1.277 14.853 -2.2 25.57 
10.018 1.112021 0.4 1.712 15. 973 3.9 19.65 
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Table 16. (Continued) 




xlO® xlO^ xlO^ xlQ: 
15.  030 1.  110953 0.0 2.118 16.825 1.0 14.59 
20.  067 1.  109661 -0.8 2.494 17.446 -1.0 10.29 
24.  896 1.  108234 — 0.8 2.830 17.856 -1.5 6.77 
30.  011 1.  106540 3.0 3.  161 18.112 -7.6 3.55 
34. 910 1.  104742 -1.7 3.459 18.231 5.0 0.84 
40.  072 1.  102687 -0.4 3.756 18.206 3.8 -1.70 
44. 979 1.  100584 0.2 4.024 18.066 1.8 -3.91 
49. 920 1.  098328 -0.0 4.282 17.819 0.2 -5.98 
54. 920 1.  095910 0.2 4.533 17.468 —2* 3 -7.96 
60. 458 1.  093081 0.2 4.801 16. 968 -3.0 -10.04 
63.  783 1.  091309 0.  1 4.958 16.615 -1.8 -11.25 
70. 104 1.  087793 -0.6 5.248 15.840 3.  3 -13.42 
75. 008 1.  084940 0.4 5.467 15.142 2.5 -14.98 
79. 400 1.  082292 -0.  1 5.658 14.451 -2.1 -16.24 
m = 0.63692 
5.073 1.  165535 — 0.8 1.664 16. 716 -0.  6 23.46 
10.018 1.164477 1.4 2.012 17. 743 1.5 18.13 
15.030 1.163205 0.7 2.341 18. 532 -0.2 13.54 
20.067 1.  161741 -1.0 2.651 19. 112 -0.5 9.61 
24.896 1.160177 -0.2 2.930 19. 495 -1.8 6.37 
30.011 1.158355 -1.5 3.209 19.  746 1.3 3.40 
34.910 1.156462 -2.2 3.463 19. 853 4.  0 0.89 
40.072 1.154328 6.3 3.718 19. 826 —6. 8 -1.47 
44.979 1.  152152 -0.1 3.950 19. 711 1.6 -3.51 
49.920 1.149839 -2.1 4.175 19. 492 3.  1 -5.42 
54.920 1.  147379 —0. 6 4.395 19. 171 -0.5 -7.25 
60.458 1.144514 -1.4 4.631 18. 716 0.2 -9.  17 
63.783 1.  142729 1.0 4.769 18. 390 -2.6 -10.28 
70.104 1.139197 1.1 5.026 17. 679 -0.2 -12.29 
75.008 1.136337 -0.  3 5.220 17. 043 2.6 -13.74 
79.400 1.133692 -0.2 5.390 16. 408 -1.2 -14.94 
m = 0.85624 
5.073 1.219995 0.1 1.985 18. 405 -1.4 21.36 
10.018 1.218713 -0.0 2.265 19. 345 2.5 16.61 
15.030 1.217248 -0.1 2.532 20. 070 0.7 12.49 
20.067 1.215617 -0.2 2.787 20. 606 -1.2 8.94 
24.896 1.213915 0.2 3.018 20. 964 -1.8 5.99 
30.011 1.211969 0.4 3.252 21. 199 -0.9 3.25 
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Table 16. (Continued) 
t d Ad a A(j)^ Og 
xlO* xlO" xlO* xlQ: 
3U. 910 1.209975 -0.  3 
40.  072 1.207744 G. 1 
44. 979 1.205503 -0.  2 
49.  920 1.203135 -0.  4 
54.  920 1.200629 0.  5 
60.  458 1.197726 0.  0 
63.  783 1.  195922 -0.  1 
70.  104 1.192368 0.  4 
75.  008 1.189502 -0.  6 
79.  400 1.186858 0.  2 
5.  087 1.289572 0,  2 
10.  045 1.288025 -0.  6 
15.  040 1.286338 0.  7 
20.  069 1.284512 -0.  4 
24.  890 1.282648 0.  3 
29. 997 1.280556 0.  0 
34.  896 1.278440 -G. 3 
40. 011 1.276121 -G. 3 
44.  947 1.273782 0.  3 
49. 915 1.271328 0.  4 
54.  883 1.268778 -0.  0 
60.  312 1.265885 -1.  1 
63.  766 1.263991 1.  2 
70.  091 1.260405 -0.  6 
74.  943 1.257560 0.  4 
79.  429 1.254855 -0.  1 
5.  087 1.360652 0.  0 
10.  045 1.358871 0.  2 
15.  040 1.356972 -0.  3 
20.  069 1.354960 -0.  6 
24.  890 1.352939 0.  7 
29.  997 1.350702 1.  3 
34. 896 1.348463 -0.  7 
40.  011 1.346034 -2.  1 
44.  947 1.343608 0.  7 
49.  915 1.341079 0. 3 
3.467 21. 303 1.  1 0.93 
3.684 21.293 1.4 -1.26 
3.882 21.184 1.3 -3.  17 
4.076 20.982 0.5 -4.95 
4.267 20.690 -1.5 -6.65 
4.473 20.272 -1.  3 -8.43 
4.594 19.975 -0.7 -9.46 
4.820 19.319 0.7 -11.33 
4.992 18.731 2.  3 —12.68 
5.  144 18.145 -1.4 -13.80 
1.1438 
2.316 20.337 -1.  1 19.06 
2.524 21.178 2.3 14.87 
2.725 21. 826 -0.  1 11.24 
2.921 22.310 —0.8 8.09 
3.  103 22.  634 -1.4 5.45 
3.289 22.850 -0.4 3.00 
3.461 22.945 0.8 0.90 
3.636 22.941 1.3 -1.07 
3.800 22.843 0.6 -2.82 
3.961 22.661 -0.2 —4.46 
4.119 22.400 -0.7 -6.01 
4.287 22.030 -0.2 -7.61 
4.393 21.749 -1.5 -8.59 
4.585 21.154 1.2 -10.30 
4.732 20.624 1.0 -11.52 
4.868 20.082 -0.8 -12.55 
1.4468 
2.564 22.137 -0.8 16.98 
2.721 22.888 1.4 13.32 
2.875 23.471 0.5 10.13 
3.026 23.908 -0.5 7.33 
3.168 24.202 -1.3 4.98 
3.315 24.399 -1.0 2.76 
3.452 24.489 0.8 0.87 
3.592 24.488 2.0 -0.93 
3.725 24.400 0.3 -2.53 
3.857 24.236 -0.  1 -4.03 
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Table 16. (Continued) 
t d Ad a *V 
xlO® xlO* xlO* xlO* 
54.883 1.338470 1.9 3.987 23.999 -1.6 -5.45 
60.312 1.335522 -1.2 4.128 23.665 -0. 1 —6. 91 
63.766 1.333599 -0.3 4.217 23.410 -0.3 — 7 . 80 
70.091 1.329978 -1.0 4.380 22.869 1.2 -9.35 
74.943 1.327116 1.7 4.506 22.387 0.0 -10.47 
79.429 1.324399 — 0.6 4.624 21.895 -0.3 -11.42 
m = 1.7552 
5.087 1.430622 0.8 2.753 23.798 -0.9 15.26 
10.045 1.428626 -2.2 2.87 2 24.475 2. 1 12.04 
15.040 1.426539 2.0 2.990 25.002 -0.5 9.20 
20.069 1.424351 —0. 6 3.107 25.400 -0. 4 6.70 
24. 890 1.422182 0.7 3.218 25.670 -1. 1 4.58 
29.997 1.419803 -1. 1 3.334 25.854 0.2 2.58 
34.896 1.417450 0.7 3.444 25.937 0. 1 0.86 
40.011 1.414914 0.6 3.557 25.939 0.4 -0.77 
44.947 1.412393 -0. 1 3.667 25.865 0.6 -2.23 
49.915 1.409783 -1. 3 3.776 25.720 0.6 -3.59 
54.883 1.407103 — 0.6 3.885 25.509 -0.2 —4.88 
60.312 1.404095 0.2 4.003 25.207 -0.7 — 6.22 
63.766 1.402138 1.8 4.079 24.977 -1.2 -7.03 
70.091 1.398463 0.9 4.217 24.488 0. 1 -8.46 
74.943 1.395565 -2.9 4.324 24.055 2. 1 -9.49 
79.429 1.392834 1.2 4.422 23.606 -1.1 -10.38 
m = 2.0830 
5.087 1.502408 0.4 2.899 25.424 -0.7 13.74 
10.045 1.500216 -0.9 2.988 26.035 1.3 10.88 
15.040 1.497945 -0. 1 3.079 26.513 0.3 8.36 
20.069 1.495594 C.9 3.170 26.875 -0. 9 6. 13 
24.890 1.493278 0. 5 3.258 27.124 -0.8 4.24 
29.997 1.490760 -0.4 3.350 27.295 -0. 1 2.44 
40.011 1.485633 -0. 3 3.530 27.383 0.7 — 0 . 60 
44. 947 1.483016 0.5 3.618 27.321 0.3 -1.92 
49.915 1.480320 0. 3 3.707 27. 193 -0. 1 -3.17 
54.883 1.477563 0. 1 3.797 27.006 -0.4 -4.35 
60.312 1.474480 -0. 8 3.895 26.736 -0.3 -5.58 
63.766 1.472484 1.0 3.958 26.530 -0.7 -6.32 
70.091 1.468746 -1.0 4.076 26.090 0.8 -7.63 
Table 16. (Continued) 
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L d Ad a A(f)^ <j>g 
xlO* xlO* xlO' xlQ: 
74.943 1.465813 0.6 4.168 25.697 0.5 -8.56 
79.429 1.463045 -0. 1 4.256 25.294 -0.4 -9.37 
m = 2.4142 
5.087 1.572262 0.2 2.996 26.938 -0.5 12.43 
10.045 1.569900 -0.8 3.066 27.491 1.1 9.88 
15.040 1.567472 0.8 3. 137 27.926 -0.0 7.63 
20.069 1.564972 0.6 3.209 28.258 —0. 6 5. 63 
24.890 1.562526 0. 1 3.279 28.487 -0.6 3.92 
29.997 1.559880 -1.9 3.353 28.646 0.4 2. 29 
34.896 1.557295 0.8 3.425 28.723 0.0 0.88 
40.011 1.554538 0.2 3.500 28.734 0.5 -0.47 
44.947 1.551827 0.5 3.574 28.680 0.3 — 1 « 67 
49.915 1.549045 0.0 3.648 28.569 0.0 -2.81 
54.883 1.546211 0.2 3.724 28.402 -0.4 -3.89 
60.312 1.543052 -1.0 3.808 28.160 -0.2 -5.00 
63.766 1.541010 0.5 3.863 27.976 -0.4 — 5 . 68 
70.091 1.537200 -0.7 3.965 27.579 0.6 —6 . 87 
74.943 1.534217 1.2 4.046 27.224 0.2 -7.73 
79.429 1.531407 -0.5 4.123 26.860 -0.3 -8.48 
m = 2.7644 
5.087 1.643318 0.2 3.045 28.403 -0.4 11.19 
10.045 1.640814 -1.0 3. 103 28.902 1.0 8.93 
15.040 1.638251 1.4 3.163 29.296 -0.2 6.92 
20.069 1.635622 0.2 3.222 29.597 -0.5 5. 12 
24. 890 1.633059 -0.7 3.280 29.806 -0.3 3.59 
29.997 1.630300 -1.0 3.341 29.952 0. 1 2. 12 
34.896 1.627612 0.4 3.400 30.024 0.1 0.84 
40.011 1.624758 0.9 3.463 30.036 0.2 -0.38 
44. 947 1.621957 -0.5 3.525 29.990 0.5 -1.48 
49.915 1.619095 0. 3 3.588 29.890 -0.0 -2.51 
54.883 1.616186 0.1 3.652 29.740 -0.3 -3.49 
60.312 1.612952 0.0 3.726 29.523 -0.4 -4.51 
63.766 1.610864 -0.3 3.774 29.356 -0.2 -5. 13 
70.091 1.606977 -1. 1 3.866 28.998 0.6 -6.20 
74.943 1.6 03940 1.8 3.940 28.678 0.1 -6.98 
79.429 1.601079 -0.7 4.013 28.350 -0.2 -7.64 
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Table 16. (Continued) 
Ad a *E 
xlO® xlO" xlO^ xlO^ 
m = 3.1214 
5. 087 1. 712958 -0. 4 3. 041 29. 763 
10. 045 1. 710348 — 6. 9* 3. 094 30. 212 
15. 040 1. 707692 1. 8 3. 147 30. 564 
20. 069 1. 704967 -0. 8 3. 200 30. 836 
24. 890 1. 702317 -1. 2 3. 250 31. 024 
29. 997 1. 699472 -0. 8 3. 303 31. 154 
34. 896 1. 696705 0. 8 3. 354 31. 218 
40. 011 1. 693772 0. 0 3. 409 31. 228 
44. 947 1. 690903 0. 9 3. 46 3 31. 184 
49. 915 1. 687973 1. 1 3. 519 31. 093 
54. 883 1. 684999 -0. 7 3. 577 30. 956 
60. 312 1. 681698 -2. 1 3. 645 30. 758 
63. 766 1. 679571 0. 7 3. 690 30. 606 
70. 091 1. 675609 -0. 4 3. 778 30. 281 
74. 943 1. 672513 1. 8 3. 851 29. 990 
79. 429 1. 669596 -0. 9 3. 923 29. 693 
-0.0 10.03 
2.5 8.02 














m = 3.4947 
5.087 1.782820 0. 2 2.998 31.071 -0.4 8.97 
10.045 1.780152 -0.5 3.042 31.471 0.7 7.14 
15.040 1.777429 0.3 3.088 31.785 0.1 5.51 
20.069 1.774650 -0.2 3. 134 32.024 -0.3 4.05 
24.890 1.771951 -0.2 3.180 32.189 -0.4 2.80 
29.997 1.769056 1.6 3.229 32.301 -0.4 1.61 
34.896 1.766237 -1.2 3.277 32.354 0.4 0.56 
40.011 1.763255 -1.2 3.329 32.357 0.6 -0.43 
44.947 1.760341 0.8 3.381 32.313 0.1 -1.33 
49.915 1.757362 0.5 3.436 32.226 -0. 1 -2.17 
54.883 1.754340 0.4 3.493 32.098 -0.3 -2.96 
60.312 1.750983 -0.8 3.561 31.915 -0.2 -3.78 
63.766 1.748818 0.6 3.607 31.775 -0.3 -4.27 
70.091 1.744783 -1.0 3.697 31.479 0.4 -5.12 
74.943 1.741625 1.0 3.774 31.215 0.2 -5.72 
79.429 1.738648 -0.3 3.851 30.947 -0.2 -6.23 
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B. Apparent and Partial Molal Volumes 
The apparent molal volumes of the solutions were calcu­
lated according to Equation 2.24, 
1000(d.-d) M, 
*V = idd" + d" ' (2.24) 
0 
where do is the density of water taken from Equation 3.9. 
The experimental densities, d, and molalities, m, were taken 
from Tables 8 through 16. All molecular weights were calcu­
lated from the 1969 IQPAC atomic weights. To represent the 
apparent molal volumes as a function of temperature, they 
were fitted to polynomials of the form. 
5 (j>.. = I A. t^ , (4.3) 
^ i=0 ^  
for the various concentrations. The coefficients, are 
listed in Table 17 for the various concentrations and salts. 
The experimental apparent molal volumes, in ml/mole, calcula­
ted from Egaation 2.24, are listed in column five, in Tables 
8 through 16, together with the differences, in ml/mole, be­
tween experimental and calculated (Eguation 4.3) apparent mo­
lal volumes. 
Table 17, Apparent molal volume parameters corresponding to Equation 4.3 
Ao Ai xlQi A2 Xl03 A3 XlOs A4 xlO? As xlO» 
lanthanum chloride, based on Gildseth's data 
0. 06347 1 14. 40548 3. 505999 
-6.596237 
0. 11651 15. 50444 3. 504516 
-7.214630 
0. 31 192 17. 99167 3. 330461 
-7.067761 
0. 65314 21. 43380 2. 858996 
-5.850636 
0. 91541 23. 57477 2. 625876 
-5.418381 
1. 2370 25. 94847 2. 260448 
-4.506978 
1. 5619 27. 97407 2. 011982 
-4.016254 
1. 7910 29. 31534 1. 784626 
-3.384714 
1. 9840 30. 27600 1 . 718248 
-3.403934 
2. 3367 31. 95496 1. 504766 
-2.9020 13 
3. 0675 34. 84190 1. 183534 
-2.214520 
3. 3901 35. 88388 1. 107233 
-2. 135381 
praseodymium chl 
0. 10059 10. 85007 4. 063714 
-9.558165 
0. 24985 13. 04875 3. 802775 
-8.754750 
0. 42534 15. 09508 3. 522802 
-7.900114 
0. 63052 17. 16659 3. 204424 
-7.010168 
0. 85426 19. 11913 2. 903603 
-6.215826 
1. 0718 20. 80211 2. 641626 
-5.524783 
1. 3192 22. 51969 2. 388911 
-4.905316 
1. 5793 24. 15527 2. 165829 
-4.381148 
1. 8419 25. 67218 1. 966656 
-3.881530 
2. 1350 27. 22684 1. 782779 
-3.471799 
2. 4606 28. 80654 1. 604308 
-3.052594 
2. 6963 29. 85883 1. 484819 
-2.747524 
2. 127482 2. 838006 
- 2. 432805 
5. 547867 
-2. 359953 0. 141595 
6. 543284 
-4. 148169 1. 106880 
5. 088067 
-3. 073577 0. 795799 
4. 778830 
-2. 910949 0. 765872 
3. 677115 
— 2 . 080308 0. 501286 
3. 318730 
-1. 954701 0. 511171 
2. 430451 
-1 . 209824 0. 251621 
2. 832100 
-1. 753804 0. 497953 
2. 245508 
-1. 264602 0. 321753 
1 . 613042 
-0. 810961 0. 174296 
1. 764969 





































Table 17. (Continued) 
m Ao Al xlOi Az x103 
2. 9991 31. 09323 1.367285 
-2.512765 
3. 29 59 32. 19775 1.262258 
-2.265452 
3. 6233 33. 32324 1. 170249 
-2.038489 
neodymium chloride, based , 
0. 10499 10. 54430 3.458093 
-7.102286 
0. 29892 12. 62678 3.668398 
-7.838093 
0. 61510 16. 01729 3.055930 
-5.993554 
0. 90093 18. 42030 2.743787 
-5.375823 
1. 3173 21. 36648 2.371262 
-4.615817 
1. 6812 23. 64384 2.024155 
-3.641404 
2. 0853 25. 85859 1.764889 
-3.108654 
2. 2675 26. 76777 1.665174 
-2.837641 
2. 7082 28. 80015 1 .477384 
-2.495976 
2. 7550 29. 12684 1.313742 
-1.834521 
3. 4149 31. 64030 1.218357 
-1.880662 
neodymium chloride. 
0. 10108 9. 89824 4.062078 
-9.444210 
G. 50654 14. 82825 3.419040 
-7.502326 
0. 91022 18. 39497 2.857499 
-5.939456 
1. 3059 21. 26857 2.402742 
-4.712958 
1. 7019 23. 70377 2.088268 
-4.005436 
2. 0909 25. 81459 1.847592 
-3.484265 
2. 4915 27. 77649 1.633553 
-2.993926 
2. 9045 29. 596 16 1.452584 
-2.578345 
3. 1855 30. 72728 1.351016 
-2.350120 
3. 3601 31. 39161 1.292571 
-2.197907 












-5. 143451 1. 921863 
7 .627271 
-4. 797114 1. 219220 
5 .039310 
— 2. 792482 0. 624344 
4 .756751 
- 2 . 961115 0. 808317 
4 .206905 
— 2. 769433 0. 8 16991 
2 .761303 
-1. 427210 0. 307622 
2 .430760 
-1. 373595 0. 346373 
2 .019811 
-0. 935060 0. 157746 
1 .968800 
-1. 116194 0. 274018 
0 .727827 0. 013691 
-0. 123487 
1 .426417 
-0. 780741 0. 167138 
s research 
10 .932692 
-8. 583946 2. 845073 
8 .305956 
-6. 380104 2. 123119 
6 .048435 
-4. 324313 1. 350115 
4 .359756 
- 2. 886396 0. 846790 
3 .679876 
— 2. 4636 90 0. 742807 
3 .242708 
— 2 . 214086 0. 681295 
2 .781759 -1. 897071 0. 578428 
2 .410707 
-1. 653967 0. 499602 
2 .246545 
-1. 585329 0. 486381 
2 .087412 
-1. 470458 0. 446132 
Table 17. (Continued) 











































































































































































Table 17, (Continued) 








































































































































































Table 17, (Continued) 
® Ao Al xlQi 
0. 41670 15. 35983 3. 213230 
0. 60471 17. 15382 2. 960360 
0. 81039 18. 88084 2. 696830 
1. 3138 22. 39064 2. 196990 
1. 5830 23. 99031 1. 986762 
1. 8457 25. 41516 1. 814418 
2. 1014 26. 69853 1. 658856 
2. 3872 28. 01713 1. 518311 
2. 6661 29. 20647 1. 391405 
3. 0217 30. 59797 1. 247599 
3. 3085 31. 64258 1. 144807 
3. 56 97 32. 56787 1. 055086 
0. 096912 9. 15142 3. 720734 
0. 24755 11. 31079 3. 565694 
0. 42932 13. 38074 3. 276766 
0. 63692 15. 36736 2. 990891 
0. 85624 17. 18245 2. 705676 
1. 1438 19. 24396 2. 407106 
1. 4468 21. 16667 2. 131625 
1. 7552 22. 92783 1. 906325 
2. 0830 24. 64181 1. 710554 
2. 4142 26. 23182 1. 541149 
2. 7644 27. 76821 1. 383989 
3. 1214 29. 19449 1. 236719 
3. 4947 30. 56244 1. 110458 
Az x103 As xlQs Al, xlO? As xlO* 
-7. 618314 8.454843 -6. 459088 2. 092889 
-6. 913323 7.546397 
-5. 775220 1. 896327 
-6. 150768 6.423798 
-4. 764527 1. 522991 
-4. 859955 4.826485 
-3. 520790 1. 120724 
-4. 334334 4.220474 -3. 082883 0. 990903 
-3. 9 14065 3 .758912 -2. 752875 0. 892037 
-3. 492626 3. 189675 
-2. 248916 0. 704497 
-3. 165213 2.863313 
-2. 033078 0. 645641 
- 2. 865377 2.529024 
-1. 773944 0. 560600 
— 2 . 557260 2.233292 
-1. 580836 0. 509982 
— 2. 361984 2.066498 
-1. 469990 0. 478205 
-2. 184277 1.874564 -1. 305353 0. 418879 
erbium chloride 
-8. 935352 9.873952 
-7. 528903 2. 452434 
-8. 670257 10.231660 
—8 . 264552 2. 8248 88 
-7. 732703 8.781190 
-6. 912482 2. 320440 
-6. 899636 7.532105 
-5. 743250 1. 874568 
-6. 076705 6.358140 
-4. 749237 1. 533777 
-5. 320966 5.450156 
-4. 076613 1. 329662 
-4. 591902 4.489095 
-3. 289964 1. 065040 
-4. 010843 3.743328 
-2. 645187 0. 826092 
-3. 545360 3.277093 
-2. 357640 0. 757577 
-3. 137966 2.817552 
-1. 994208 0. 633496 
— 2. 779836 2.446024 
-1. 732335 0. 558105 
— 2 . 448665 2.064510 
-1. 420396 0. 453060 
-2. 242870 1.951393 
-1. 386548 0. 460043 
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To represent the apparent molal volumes as a function of 
concentration, the coefficients, in Equation 4.3, taken 
from Table 17 , were fitted with respect to the square root 
of the molalities, 
A. = Z B..mi/2 ^ (4.4) 
^ j=0 
that is, for a particular salt, all the Aq  coefficients in 
1  / 2  
Equation 4.3 were fitted against m , all the Aj coeffi-
1  / 2  
cients were fitted against m , etc. Substituting Equation 
4.4 into Equation 4.3 we find, 
(j), = Z I Bv . (4.5) 
^ i=0 j=0 ^  
The B^j matrices for the various salts are listed in Table 
18. From Equation 4.5, the apparent molal volume can be cal­
culated at any concentration and temperature within the ex­
perimental range. In addition, the other thermodynamic quan­
tities of interest are easily derived from Equation 4.5. 
Combining Equations 2,26 and 4.5, the partial molal vol­
ume of the salt, is qiven by 
V  =  Z  Z ( l + j / 2 ) B . ,  


















18, Matrix coefficients, B^j, corresponding to Equation U.5 
®0j ®lj ®2j ®3j ®4j ®5j 
xlOz x103 xlQs xlO? xlO* 




























































































neodymium chloride, this research 
7.03871632 40.09263359 -9.63483433 11.04239523 -9.11424823 
6.41110014 17.25444106 -4.18936448 8.83448460 -7.12052562 
3.19468858 
2.29221634 
Table 18. (Continued) 
1 ®lj ®2j ®3j ®4j ®5j 
Xl02 Xl03 xlOs xlO? xlO* 
2 8. 63062667 -55, .17766103 16. 57072234 -30.57032087 27. 40006358 -9. 80567349 
3 -3. 41899757 30 .87089738 -10. 48754936 20.70428586 -19. 35023935 7. 14617267 
4 0. 41295840 -5, .62887497 2. 12901826 -4.42515727 4. 23567767 -1. 59624557 
neodymium chloride. combined data 
0 7. 01944254 40 .49902092 -9. 94662706 11.91481304 -10. 04106189 3. 48556173 
1 6. 47009249 15 .82629057 -2 . 93188474 4.76554013 -1. 90821498 0. 07891538 
2 8. 58704325 -53 .89762856 15. 24577861 -25.81958190 20. 77481831 -6. 73875360 
3 -3. 41336147 30 .51320956 -9. 97391948 18.59480518 -16. 14606713 5. 55750391 
4 0. 41501489 -5 .61968340 2. 06734212 -4.10750693 3. 69913396 -1. 31075339 
samarium chloride 
0 8. 79272300 36 .33290171 -9. 20712577 10.58149172 -8. 49835662 2. 84523179 
1 5. 68926454 17 .19657904 -1. 68821712 3.25770783 -2. 43777607 0. 82036028 
2 8. 84063517 -47 .50366312 9. 69763298 -15.96773466 13. 89901331 -4. 85622406 
3 -4. 45277517 25 .30875979 -5. 31687144 9.77146089 -9. 01939545 3. 21797472 
4 0. 84321185 -4 .39664764 0. 90533160 -1.87318132 1. 81015228 -0. 65679467 
gadolinium chloride 
0 12. 51133944 32 .14004247 -9. 10446073 10.60162511 -8. 00220693 2. 30222101 
1 0. 82659490 23 .56688960 -2. 46544174 5.64557127 -7. 68372786 4. 43260160 
2 16. , 15517839 -59 .54561870 12. 11148503 -22.38599106 24. 72750107 -11. 41189432 
3 -9. 12489774 34 .36573984 -7. 36822587 14.85726379 -• 16. 84576726 7. 68972169 
4 1.80695875 — 6 .54864998 1, .42057157 -3.13084777 3. 67247948 -1. ,68699948 
Table 18. (Continued) 
— — — — — — —— — ——— 
— — — — '  
— — — — — — 
j ®lj ®2j ®3j ®4j ®5j 
Xl02 Xl03 xios xlO? xlO* 
dysprosium chloride 
0 11. 69037071 32. 65827222 -8.56824476 8.32815483 -5. 03935414 1. 027 08834 
1 1. 18948417 22. 61705024 -3.38763284 9.01931341 -11. 66121690 5. 86776366 
2 16. 07696748 — 56 . 29731217 11.66189094 -21.43077426 22. 92609014 -10. 07438971 
3 -8. 415969C1 30. 74596014 -6.36183728 11.99286738 -12. 85615491 5. 58946060 
4 1. 51815128 -5. 61024396 1. 10619956 -2.18718815 2. 40239554 -1. 05345541 
erbium chloride 
0 9. 03266515 34. 66844408 -8.90494751 9.30031980 - 6. 55799744 1. 86764344 
1 a. 79944967 19. 54429602 -3.18723471 7.65862551 -8. 66878157 3. 90614875 
2 10. 60907595 -52. 87963374 11.81020928 -20.74380166 20. 42398833 — 8 . 17014526 
3 -4. 90249327 28. 87697234 -6.49713258 11.77282253 -11. 74607098 4. 68468726 
a 0. 75778967 -5. 26136882 1. 13028 128 -2.13806682 2. 19252654 -0. 88336090 
ytterbium chloride 
0 5. 63238195 37. 12794052 -9.97899508 11.99474384 -9. 90 565684 3. 45995603 
1 10. 11309156 13. 54181235 0.53738682 -2.03209373 3. 28243990 
-1. 70091783 
2 3. 12235925 -45. ,40126017 6.81634269 -7.66079407 4. 41606849 -0. 73469208 
3 -0. 50468921 24. 63076549 -3.60001420 4.18191588 - 2. 52169105 0. 42946838 
4 -0, 13013810 -4, ,39087177 0.52811513 -0.56036768 0. 28488207 -0. 00657012 
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and the partial molal volume of the water, combining Equa­
tions 2.28 and 4.5, is given by 
- 2^ I IjB. . (4.7) 
C. Apparent and Partial Molal Expansibilities 
According to Equation 2.47, the apparent molal expansi­
bility is the temperature derivative of the apparent molal 
volume. By combining Eguation 2.47 with Equation 4.3, the 
apparent molal expansibilities were calculated from 
' C 
_ V J, . (i-1) 
where the coefficients, are the same as those in Eguation 
4.3, listed in Table 17. The apparent molal expansibilities, 
calculated from Equation 4.8 at experimental temperatures and 
concentrations, are given in Tables 8 through 16, in column 
7, in ml/mole deg. 
The apparent molal expansibilities can also be calcula­
ted at any temperature and concentration from 
<j)_ = Z 2 , (4.9) 
E i j i: 
151 
which is simply the temperature derivative of Equation 4.5. 
In a manner similar to the partial molal volumes, by combin­
ing Equations 4.6 and 2.48, and Equations 4.7 and 2.49, the 
partial molal expansibilities of the salt and water were com­
puted from 
Ë; = z Z(l+j/2)iBijmi/2t(i-l) , (4.10) 
and 
E, = - 2550 : : ijB. _ (4.11) 
Thus, from the matrix coefficients, one can calculate 
the apparent and partial molal volumes (Equations 4.5 - 4.7), 
and the apparent and partial molal expansibilities (Equations 
4.9 - 4.11), at any temperature and concentration in the ex­
perimental ranqe. Furthermore, rearranqinq Equation 2.24, 
the density can be calculated from 
1000 + mMj 
" (lOOO/d,) + 
where is qiven by the matrix Equation 4.5. Similarly, 
solvinq Equation 2.43 for a. 
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in(j) + 1000a /d 
" ^ (mM, + 1000)/d ' (4.13) 
where <j)„ is given by the matrix Equation 4.9, ao and do are 
given by the extended Tilton and Taylor equation (Equation 
3.9) and its temperature derivative, and the density of the 
solution, d, is given by Equation 4.12. The concentration of 
the solutions on the molar scale can be calculated from 
where d is qiven by Equation 4.12. Thus a large mass of data 
is succinctly condensed into a set of coefficient matrices. 
For those without the means and/or the inclination of 
solving matrix equations of up to 30 coefficients, values of 
d, (J)^, Vz, Vi, a, (})g. Eg and Ei are listed in the Appendix 
at round temperatures and concentrations. These quantities 
were all calculated from the coefficient matrices and the ap­
propriate equations. 
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V. ER80B ANALYSIS 
The error analysis of the various quantities is compli­
cated by the fact that the errors in the two independent var­
iables, temperature and concentration, give rise to different 
errors in the various properties. For example, a variation 
of 0.001OC results in a change of about 3 ppm in the density, 
whereas a difference of 0.1% in the molality results in a 
change of 25 ppm in the density at 0.1 m and 800 ppm at 3.5 
molal. The errors in the other properties resulting from er­
rors in t and m depend on the functional dependence of these 
properties on t and m. In general, the various properties 
were known more accurately as a function of temperature than 
as a function of concentration. 
The errors in the calculated properties are of two 
kinds. Those which are due to experimental errors of the 
measurements, and those errors introduced by the least 
sguares analyses. Since the concentrations of the solutions 
were determined from the pycnometric studies at 25®C, the er­
rors in the concentrations necessarily depend on, and can be 
no less than the errors in the pycnometric measurements. 
The errors in the various derived properties were calcu­
lated by the method of propagation of errors (76) , neglecting 
correlation terms. 
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The relative error in the temperature measurement was 
estimated at 0.001®C at 5°C, increasing to about two to three 
times that value at 80®C. The absolute accuracy of the tem­
perature was probably better than 0.010®C. The error in the 
volume of the dilatometers was about 0.0001 ml as a function 
of temperature, and the volume of the various dilatometers 
were consistent with each other to approximately 0.0003 ml. 
Since the total volume was about 130 ml, the error in the 
volumes was about 1-3 ppm. These estimates are consistent 
with the data in Tables 3 and 5. Errors of 1 ppm up to HO°C, 
increasing to 3 ppm at 80®C, calculated for the density of 
water, are in reasonable agreement with the standard devia­
tions shown in Table 4. The relative density of solutions as 
a function of temperature was known to 1 ppm at low tempera­
tures and about 4 ppm at 80®C. The absolute error in the 
density of solutions was somewhat larger than this, due to 
the difficulties in determining the total weight of solution 
in the dilatometer. 
The errors in a and ao were estimated to be approximate­
ly 5x10-7 deg—1 at room temperature, increasing to about 
10x10—7 deg—1 at 80®C. Approximate values can be calculated 
from 
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which agree with these estimates. 
The errors in the concentration of the various solutions 
are those of the pycnometer determinations of Saeger, (74,28) 
and Spedding and Brown (75). They estimated the error in 
their densities to be about 5 ppm, and the error in concen­
tration about 0.05%. The molalities calculated from the em­
pirical equations representing the pycnometric densities as a 
function of concentration, are accurate to at least 0.05%. 
After completing the density measurements on gadolinium chlo­
ride, several of the dilations were analyzed by an EDTA meth­
od (27). In Table 19 the molalities calculated from Equation 
4.1 are compared to the EDTA results. 
Table 19. Comparison of calculated molalities to the re­
sults of EDTA titrations for gadolinium chloride 
m m % 
Equation 4.1 EDTA Difference 
0.23685 0.23697 -0.05 
0.58944 0.58951 -0.01 
0.99472 0.99393 +0.08 
1.4444 1.4432 +0.08 
1.9407 1.9376 +0.16 
In view of the fact that the solutions used in Saeger's 
pycnometric work were analyzed by a different method (oxide), 
the agreement shown in Table 19 is remarkably good, and the 
method of obtaining concentrations for the solutions in this 
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research is viable. Therefore, a conservative estimate of 
the error in the concentration of the solutions in this re­
search was taken to be 0.1%. 
The errors in the apparent molal volume were calculated 
from 
: 2  _  
<P^ V - d-
% 
,2*d 10001= 0 loooT 
J (5.2) 
The largest term contributing to the error in is the error 
in the molality, especially at low concentrations. The error 
in (f)^ due to the error in the molecular weight, amounting to 
as much as 0.1 ml, is constant for all temperatures and con­
centrations for a particular salt and can be neglected, ex­
cept when comparing the properties of different salts. 








Unfortunately, there is no rigorous method of obtaining the 
error in the derivative. The apparent molal volumes were 
fitted (within experimental error) with various least squares 
eguations of different orders. The Vz's calculated from 
157 
these various equations differed by less than twice the error 
in at the highest concentrations. Therefore, the errors 
in V2 were taken to be equal to those of <j)y at low concentra­
tions, increasing to twice the error in at the highest 
concentrations. The error in Vi was calculated from 
4. 4' + + + —— M (Vz-Oy) (5.4) 
where the error in vj is given by 
4 0 - v; M! (5.5) 
Neglecting the much smaller error terms due to d, do and 
Mg, the terms contributing to the error in (j)g are 
*1: 
r 
= 1*2 - — 





As was the case with Vg, the error in Eg is taken to be twice 





The errors in the various properties were calculated for 
various concentrations at 25° and 15°C, for praseodymium 
chloride. These values are presented in Table 20. Similar 
errors would apply tc the other salts. The errors in (j)y are 
also calculated, assuming no error in the concentration. 
Thus ({)^ is known more accurately as a function of temperature 
than as a function of concentration. 
The extensive use of empirical equations in this re­
search was due to the absence of theoretical relationships in 
the concentration range covered, several properties of inter­
est are derivatives cf the measured quantities, and an exten­
sive amount of data could be summarized with empirical equa­
tions. 
All least squares fits were weighted with the inverse of 
the square of the error in the dependent variable. The maxi­
mum order of a polynomial fit should be (n/3)-1, where n is 
the number of data points, i.e. at least 3 data points for 
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Table 20, Errors for praseodymium chloride 
m <Sa xlO* 6* xIOz 
*Vi 5Êi x103 
250c 
HgO 0.005 — — 0.0005 0.009 
0.1 0.006 0. 23 0.025 0.78 0.0008 0.022 
1.0 0.005 0. 18 0.002 0.07 0.0056 0.023 
2.0 0.004 0. 14 0.001 0.03 0.0104 0.025 
3.5 0.004 0. 11 0. 001 0.02 0.0166 0.029 
750c 
H,0 0.010 — — 0.0005 0.018 
0. 1 0.012 0. 24 0. 049 1.58 0.0008 0.045 
1.0 0.010 0. 18 0.004 0.14 0.0058 0.047 
2.0 0.009 0. 15 0.002 0.07 0.0107 0.051 
3-5 0.008 0. 12 0.001 0.04 0.0171 0.059 
'Errors in assuming = 0. 
each parameter. Except for the fits of d and vs. t, this 
requirement was fulfilled. For the most dilute solutions, a 
fifth order polynomial in t was required to adequately repre­
sent the densities as a function of temperature (see Equation 
4.2). For the sake cf uniformity, fifth order polynomials 
were used at all concentrations, although fourth order poly­
nomials would have been adequate for concentrations greater 
than about 0.8 molal. These polynomials represent the densi­
ties as a function of temperature to 1 ppm. In the devia­
tions, cycling occurs only for the most dilute solutions, in­
dicating that as the concentration goes to zero, the density 
is not well represented by a polynomial. In fact, Tilton and 
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Taylor (73) have shown that the density of water is better 
represented by a Thiesen type equation. This difficulty is 
primarily due to the maximum at 4*C. 
Although the density can also be calculated from the ma­
trix equations (see Equation 4.12), these contain the error 
in the density due to the concentration which increases from 
25 ppn at 0.1 m to 800 ppm at 3.5 molal. The matrix equation 
does have the advantage of giving the density at any concen­
tration, whereas Equation 4.2 is only defined at experimental 
concentrations. The densities in the Appendix at round con­
centrations were necessarily calculated from the matrix equa­
tion, and contain the larqer errors. The above discussion 
applies to the coefficient of expansion as well. 
The 5th order fit of the apparent molal volume with re­
spect to temperature (Equation 4.3) is accurate to better 
than 0.002 ml/mole, which compares well with the error in 
iqnorinq the concentration error (see Table 20). The matrix 
equation, which includes a fourth order concentration depen­
dence, qives values of 4»^ that aqree with the experimental 
<py*s to within the errors listed in collumn 3, Table 20, 
which include the errors due to the concentration. Thus as 
with the densities, the temperature dependence of the appar­
ent molal volumes can be calculated from Equation U.3 (at ex­
perimental molalities only) more accurately than from the ma­
trix equation. 
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The errors introduced by the empirical equations should 
be small, except possibly at the ends of the data sets. The 
slopes of empirical equations at the end of a data set tend 
to vary siqnificantly with order of fit. This error is exag-
qerated in derived quantities which depend on the derivative 
of the empirical equation. Therefore, unusual behavior such 
as that observed by Gildseth for the partial oolal expansibil­
ities at the hiqhest concentrations, may be an artifact of 
the statistical treatment, since the partial molal expansibil­
ities contain second order derivatives of the empirical 
equation for the (p^* s. 
The same order of fits were used for Gildseth*s data for 
the sake of consistency, although there were fewer data 
points both as a function of temperature and concentration. 
In addition, the values calculated for lanthanum chloride 
below 20®C represent an extrapolation of his data. 
The validity of the error analysis and statistical 
treatment is substantiated by the fact that the various quan­
tities for neodymium chloride, as calculated separately from 
Gildseth's data and the data of this research, agreed to 
within the error analysis presented above. 
The formation of insoluble HggClgin the most dilute solu­
tions observed by Gildseth (6) and Vogel (77) was also ob­
served in this research. From qualitative and semiquantita­
tive tests, Gildseth drew the following conclusions concern-
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inq the reaction of mercury with rare earth chloride solu­
tions: 
1. The formation of mercury (I) chloride was very much 
less for airfree solutions, than for air saturated solutions. 
2. The solubility of mercury (I) chloride was negligi­
ble in rare earth chloride solutions. 
3. The rare earth chloride solutions more concentrated 
than approximately 0.3 molal were contaminated with mercury 
(both 1 and II} to less than 0.05 mole per cent of the total 
salt concentration, and those more dilute than 0.3 molal with 
less than 0.1 mole per cent. 
In all cases in this research, no visible precipitate 
formed as long as the solutions were airfree. A visible 
precipitate was only observed after air entered the dilatome-
ters, after the run was completed. 
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VI, DISCUSSION AND CONCLUSIONS 
Host of the graphs to be presented in this chapter were 
drawn by the computer. The values were calculated from the 
matrix equations. The small steplike character of the lines 
is an artifact of the plotting routine and should be ignored. 
All values for lanthanum chloride below 20°C represent an 
extrapolation of the data. 
For the purpose of correlating thermodynamic properties 
with ionic radii, the customary radii such as Pauling's which 
are rounded to two decimal places are not satisfactory for 
the rare earth series, since the differences between radii of 
adiacent rare earths are on the order of the roundoff errors. 
Templeton and Dauben give radii of relative accuracy to 
three decimal places, for the rare earth ions (78). These 
were used in subsequent graphs. 
A. Densities 
The concentration dependence of the densities at 15* and 
75®C is shown in Figure 7 for the different rare earth solu­
tions. The densities at other temperatures are similar to 
these. A representative temperature dependence of the densi­
ties is shown in Figure 8 for praseodymium chloride. These 
figures and similar plots for the other sa-lts show that the 
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densities of the rare earth chlorides increase with increas­
ing concentration, decrease with increasing temperature, and 
increase from lanthanum chloride to ytterbium chloride (de-
creasinq ionic radius), The increase in the density with 
concentration is mainly due to the higher mass to size ratio 
of the solute as compared to water, and the higher density of 
the electrostricted water. In Figure 8, the maximum in the 
density of water at 4°C is shifted to lower temperatures as 
the concentration increases, evidenced by the decreasing 
slope at 5°C. The maximum in the density of water is usually 
attributed to two opposing effects (79): the decrease in do 
due to the normal vibrational thermal expansion, and an in­
crease in do due to the reduction of the highly open struc­
ture of water. Below 40c, the latter effect dominates the 
former, resulting in the maximum. Since the addition of an 
electrostrictinq solute removes some of the water from the 
structured, bulk reqion, reducing the degree of the second 
effect, the maximum is shifted to lower temperatures. Fur­
thermore, the slopes of the density vs. temperature curves 
become more linear and more negative with increasing concen­
tration, characteristic of liquids with less structure than 
that of water (80, pp. 1675-7). The application of pressure 
also displaces the maximum in pure water to lower tempera­
tures (79, p. 186), where the open structure of water is re­
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Figure 8. Densities of praseodymium chloride solutions 
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of structure by temperature, pressure and the addition of an 
electrostrictinq solute, all tend to decrease the anomalous 
nature of water. 
The general increase in density from La to ïb is due to 
the increasing molecular weight and the increasing surface 
charge density with decreasing radius. The latter gives rise 
to increasingly stronger ion-water interactions across the 
series. Thus the heavy rare earths tend to reduce the open, 
hydrogen bonded structure of water to a greater extent than 
the light rare earths, resulting in higher densities for the 
solutions of the former. In addition, the density of the wa­
ters near the cation, which are highly ordered due to the 
strong ion-dipole interactions, should increase across the 
series, except where the hydration change is postulated. The 
increase in density across the series, due to the increasing 
molecular weight and increasing total ion-water interactions, 
masks the break in the density due to the change in the first 
sphere water coordination. 
B. Apparent Molal Volumes 
In Figure 9, the apparent molal volumes of PrCl^ are 
i/o 
plotted vs. c at various temperatures. In Figure 10, 
these curves are graphed with each successive temperature 
curve moved upward fay 2 ml/10®C, to remove the overlapping of 
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the curves caused by the maximum in the temperature depen­
dence. 
1/2 To a first approximation the are linear in c , 
confirming Masson's rule, although the deviations from 
straight lines are well outside experimental error. The (j)^ 
vs. c*/^ curves go through a maximum with temperature. At 
1 /2 low temperatures, (d<py/dc ' ) decreases with increasing tem­
perature, whereas above 35®-40oc the reverse is true. Simi­
lar behavior has been reported by Akerlof and Teare for HCl 
(81) and by Dunn for some alkali and alkaline earth halides 
(82). The vs. c^/^ dependence is quite similar for the 
other rare earth chlorides. In Figure 11, the <|)^ vs. 
curves for the different salts are compared at 25®C. The ap­
parent molal volumes for dilute solutions of LaClaand Ybclg, 
determined by a magnetic float method by Spedding, Pikal and 
Ayers (5) are also shown (as circles) , together with the 
Debye-Huckel limiting law slope for 3:1 salts at 25®C (13, p. 
522). The agreement between the magnetic float #y's and 
those obtained by the methods of this report is excellent. 
The <j)y*s of LaClg and YbClg approach the limiting law at very 
low concentrations, as do the for the other rare earth 
chlorides (5,26). From this figure it can be seen that there 
is a pronounced downturn in the #y*s at low concentrations 
(<0.1m). This deviation from the limiting law at low concen­
trations can be accounted for by including the "distance of 
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closest approach", â, in the extended Debye-Huckel theory. A 
linear extrapolation of to infinite dilution from above 
this concentration, where flasson's rule holds, can lead to 
errors of several ml in <j)^. For this reason, no such extra­
polations were done in this research. It is also clear that 
the ranges in concentration where the Debye-Huckel theory and 
Masson's rule hold are quite distinct for these salts. 
Depending on the concentration, the 4>y*s for the rare 
earth salts decrease from La to Nd (Sm), increase to Gd (Dy) 
and then decrease to Yb. This two-series behavior, although 
varying in detail, is also present at other temperatures. 
The variation of <J)^ across the rare earth series will be bet­
ter displayed in the isomolal and isothermal curves. 
The variation of <j)^ with temperature is presented in 
Figures 12 and 13 for SmClg and ErClg, respectively. The 
s go through a maximum with temperature at all concentra­
tions, for all the salts investigated. The major difference 
in the temperature dependence between these two salts is that 
at high concentrations the maxima in (p^ for Sm occur at much 
higher temperatures than for Er. With respect to this dif­
ference, the 4»^ vs. I curves for Pr, Nd and Gd are similar to 
Sm, and those of La, Dy and Yb are similar to Er. That is, 
the rare earth chlorides in the middle of the series behave 
differently from those at either end of the series. The tem­
peratures, T r at which these maxima in occur, and the 
max V 
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shift with concentration, AT , are shown in Table 21 and 
max 
Fiqure 14. 
Table 21. in js. T curves and its variation with 
concentration 
Salt ^max (®C) ^^max (°C) 
0.1m 3.5m (0.1m—>3.5m) 
LaCl 3 36.6 41.9 5.3 
PrCla 38.3 53.5 15.2 
NdClg 38.8 56.5 17.7 
SmClg 37.4 57.7 20.3 
GdClj 33.3 46.8 13.5 
DyClg 33.2 37.5 4.3 
ErCls 34.3 37.9 3.6 
ïbCl3 35. 1 39.0 3.9 
The temperatures listed in Table 21 are probably accu­
rate to within ±0.2*0. The position of the maximum moves to 
higher temperatures from La to Nd and Dy to Yb, but shifts to 
lower temperatures from Nd to Dy. The maximum shifts to 
higher temperatures with increasing concentration, with the 
maxima for Pr, Nd, Sm and Gd having the greatest concentra­
tion dependence. Such maxima in <Py vs. T have been observed 
for other salts (13, pp. 565-95). For the alkali chlorides, 
the maxima at infinite dilution occur at 35®, 60® and 67*0 
for LiCl, NaCl and KCl, and CsCl, respectively (83) . For the 
divalent chlorides, the maxima at infinite dilution are at 
30°, 40*, 50® and 55®C for Hg, Ca, Sr and Ba, respectively 
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(84). The maxima are also more pronounced for the higher 
valent cations (82) . 
These maxima can be gualitatively understood from the 
following considerations. Bhile the temperature dependence 
of most non-associated liguids is positive and relatively 
linear, the volume of water goes through a minimum with 
temperature. The initial decrease is due to the weakening of 
the open, hydrogen bonded structure. With the addition of e-
lectrostrictinq salts, the hydrogen bonded structure of the 
affected water would be reduced. One would expect the tem­
perature dependence cf the hydrated ion to be more nearly 
linear. And the temperature dependence of the volume of the 
solution, which is the sum of the unaffected water and the 
water interacting with the ion, would be more nearly linear 
than that of water. Thus which is a measure of the dif­
ference between the volume of the solution and that of pure 
water, goes through a maximum with temperature. This effect 
would be more pronounced for salts of higher surface charge 
density, since more of the water is affected by the greater 
ion-dipole interactions. Conversely, as the concentration 
increases, there is a diminishing amount of "free water" 
available for électrostriction (per mole of salt added). 
Thus as the concentration increases the maximum becomes less 
pronounced. The pressure dependence of (3, p. 369) and 
the temperature dependence of (85,86,87) of electrolytes 
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also show maxima, and can be explained in a similar manner. 
Thus all of these phenomena are primarily due to the anoma­
lous nature of water. 
The temperature where the maximum occurs depends on the 
slope of the volume of the hydrated ions vs. temperature, and 
is not readily predictable, %he maxima occur at lower tem­
peratures with both decreasing radii and increasing ionic 
charge for the alkali and alkaline earth chlorides. The max­
ima for the trivalent rare earths occur at lower temperatures 
than for the monovalent and divalent chlorides of similar ra­
dius, in overall agreement with these trends. But the maxima 
move to higher temperatures across the series with decreasing 
radii (except in the middle of the series where the hydration 
change occurs). 
In Figure 15 the (j)^ vs. T curves of the different salts 
are compared at 0.5m and 3.0m. Nd, Sm and to a lesser ex­
tent, Pr and Gd cross over the other curves with increasing 
temperature. The twc series effect which will be discussed 
next is again evident. 
The apparent molal volumes for the rare earths as a 
function of ionic radius at isomolalities are plotted at 5°, 
25®, 50® and 80®C in Figure 16. At 25®C the apparent molal 
volumes at infinite dilution, taken from the magnetic float 
measurements (5,26), are shown as sguares. There is a gener­
al decrease in with decreasing ionic radius as expected. 
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but increases in the middle of the series, where a de­
crease in the primary water hydration is postulated (5). At 
250c and infinite dilution it is clear that La, Pr and Nd 
have predominantly the higher coordination, and Tb, Dy, Ho, 
Er, Tm, Yb and La have the lower coordination, whereas for 
Sm, Eu and Gd appreciable amounts of both coordination num­
bers exist. This two series effect remains evident at all 
concentrations and temperatures, although it becomes less 
pronounced at higher concentrations and temperatures. Fur­
thermore, at low temperatures there is an apparent displace­
ment in the position of this eguilibrium in the rare earth 
series with increasing concentration. This is evident from 
the change in the relative positions of Nd and Sa at the be­
ginning of the coordination change and in the relative posi­
tions of Gd and Dy at the end of the coordination change with 
increasing concentration. That is, Sm falls more nearly in 
line with La, Pr and Nd at high concentrations than at low 
concentrations. Similarly, Gd has less of the lower coordi­
nated form at high concentrations than at low concentrations. 
Evidently the higher coordination is stabilized with in­
creasing concentration. This effect becomes less pronounced 
at higher temperatures. A discussion of a possible source of 






Figure 9. apparent molal volumes of praseodymium chloride 





Figure 10. Apparent molal volumes of praseodymium chloride 
solutions at various temperatures (ordinate re­
fers to 5®C curve only) 
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Figure 11. Apparent molal volumes of some rare earth chlo­
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Figure 12. Apparent molal volumes of samarium chloride solu­
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Figure 13. Apparent molal volumes of erbium chloride solu­
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Fiqure 15. Apparent molal volumes of some rare earth chlo­
ride solutions at 0.5 and 3.0 molal 
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Figure 16. Apparent aolal volumes of some rare earth chlo­
ride solutions at various concentrations, at 5®, 
250, 50® and 80<»C 
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Figure 17. Apparent molal volumes of some rare earth chlo­
ride solutions at various temperatures, at 0.1, 
1.0, 2.0 and 3.5 molal (ordinates refer to 5®C 
curves only) 
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The variation of <j>y vs. ionic radius with temperature at 
0.1, 1, 2 and 3.5 molal is shown in Figure 17. Since the 
qo through a maximum with temperature, the ordinate in 
each case refers to the 5®C carve, ordinates for curves at 
higher temperatures being displaced upward by 2 ml/IO^'C. At 
high concentration there is a noticeable displacement of the 
eguilibriuB toward the lower coordination with increasing 
temperature. This result is not unexpected since an increase 
in temperature will result in a larger effective volume of 
the water molecules in the primary hydration sphere. And 
since the hydration change is controlled by the space avail­
able on the surface of the cation, the higher coordination 
number would be destabilized, displacing the equilibrium to­
ward the lower coordination. This effect would be more pro­
nounced at higher concentrations since the competition for wa­
ter is more severe, and the equilibrium is more sensitive to 
a temperature change. 
C. Partial Molal Volumes of the Solute 
The partial molal volumes of the salt behave in much the 
same manner as the aparent molal volumes. The V:*s represent 
the differential volume change due to the addition of salt at 
a particular concentration, and therefore give a more rea­
listic view of the volume changes at various concentrations. 
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In Figure 18, V2 vs. at different temperatures is 
shown for Pr and Er. In Figure 19, the V2 vs. curves 
for PrClg are separated by displacing curves at increasing 
temperatures by 2 ml/IOoc on the ordinate scale. From Fig­
ures 18 and 19, it can be seen that the V2' s are linear in 
as a first approximation, although the deviations are 
outside experimental error. The deviations impart a general 
s-shape to the V2 curves, which is more pronounced than in 
the 4)^ curves. Xf the very dilute measurements, taken from 
the magnetic float work (26), (shown as circles in Figure 19) 
are included, the V2 vs. curves take on a sigmoid shape. 
Like the the Vz*s qo through a maximum with tempera­
ture at low concentrations. At high concentrations however, 
the V2»s increase smoothly with temperature for Pr. The V2 
vs. curves of Nd, Sm and to a lesser extent La and Gd 
are similar to those of Pr. Dy and Yb are similar to Er in 
that the Vz's decrease with temperature at the highest con­
centrations- The general increase in V2 (and 4>y) with in­
creasing concentration is caused by the smaller role played 
by the electrostrictive effect as more solute is added. 
Since at higher concentrations the water is, on the average, 
already under considerable electrostrictive pressure, the 
further addition of salt will have a smaller effect than at 
low concentrations where a much greater proportion of the 
solvent has the open structure of pure water. Hence the de-
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crease in the volume due to the interaction of the ions with 
water is much less than at low concentrations. It should be 
noted, however, that even at the highest concentrations meas­
ured, the Vz's are still only about 45 ml/mole, whereas the 
volume of the ions, not including void space packing effects, 
are about 50 ml/mole. This indicates that there is still an 
appreciable electrostrictive effect with the addition of salt 
at these concentrations.. From Figure 19, considering Vz lin­
ear in the slopes OVz/Sc^'^^) decrease with increasing 
temperature at low temperatures and increase at high tempera­
tures. 
The concentration dependence for the various salts is 
compared in Figure 20 at 80°C. At this temperature. La, Gd, 
Dy, Er and Yb form one family of curves with Pr, Nd and Sm 
forming another which cross the former as the concentration 
increases. At low concentrations the two series effect is 
evident, the Vz's decreasing from La to Nd, increasing to Gd 
and decreasing to Yb. At high concentrations, the two series 
effect disappears and the Vz decrease across the whole rare 
earth series. At lower temperatures the curves are similar 
to those at 80®C, with the exception that the two series ef­
fect does not quite vanish at high concentrations. The com­
parison of the various salts at all temperatures and concen­
trations will be examined with the Isomolal and isothermal 
graphs. 
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The variation of the partial molal volumes of the solute 
with temperature is shown in Figures 21 to 28. Maxima simi­
lar to those in the vs. T curves occur at low concentra­
tions. At high concentrations the maxima disappear and the 
V2*s increase with temperature for Pr, Nd, So and to a lesser 
extent for La and Gd. The Vz's for the heavy rare earths 
(Cy, Er and ïb) all decrease with temperature at the highest 
concentrations. The path of the maximum with increasing con­
centration is complex. The maxima in Vz at 0.1 molal occur 
about 1.4 degrees higher than the corresponding (py maxima. 
Since the maximum in Vz is probably due to the anomalous tem­
perature dependence of pure water, as was discussed in the 4;^ 
section, then the curves in Figures 21 to 28 indicate that 
beginning around 2.5 molal most of the water is strongly in­
teracting with the ions, and little of the pure water struc­
ture is left. 
A typical comparison of the temperature dependence for 
the various salts is shown in Figure 29 at 0.5 and 3.0 molal. 
The two series effect is present at both concentrations at 
lower temperatures, but at 3.0 molal and 80®C the Vz de­
crease across the whole series. 
The variation in the position of the coordination change 
in the rare earth series with concentration is shown in Fig­
ure 30 at 5®, 25®, 50® and 80oc. From the relative decrease 
in Vz of Sm and Gd with increasing concentration, it can be 
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concluded that the equilibrium between the two first sphere 
water coordination numbers is displaced toward the higher co­
ordination in solutions up to about 2.5 molal. This is par­
ticularly pronounced at low temperatures. Above 2.5 molal 
the break in the series moves back toward higher ionic radii, 
indicating that the equilibrium is displaced back toward the 
lower coordination. In addition, above this concentration 
the break in the series tends to broaden at low temperatures 
and narrow at hiqh temperatures. At 3.5 molal and BO^C the 
anomaly in the series has become simply a change in slope at 
Sm. 
Although several workers have reported that they found 
little evidence for chloride complexation (88,89,90), results 
from liquid extraction (91,92), ion exchange (93), polaro-
qraphy (94), and UV spectral studies (95) indicate that outer 
sphere complexes are formed by an ionic strength of one. In 
this report, outer sphere complexes are defined as ion pairs 
of an essentially electrostatic nature, with one layer of wa­
ter molecules separating the cation and anion. Brady (96) 
has concluded from x-ray scattering of aqueous ErClg to 3 mo­
lal that outer sphere complexing occurs at these concentra­
tions. X-ray studies of rare earth solutions are underway in 
this laboratory (97), Preliminary results show that the 
first coordination sphere contains only water at the highest 
concentrations, indicating outer sphere complexation. The 
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coordination numbers were found to be 9 and 8, within experi­
mental error, for Pr and Er, respectively, in agreement with 
the results of Spedding, Pikal and Ayers (5) . Bard (27) has 
found the conductance data for the rare earth chlorides to be 
consistent with outer sphere complexing, but found no evi-
dence for inner sphere complexation up to saturation. From 
Raman scattering measurements on aqueous La, Gd and Lu chlo­
rides, the presence of chloride complexes can be inferred 
(98,99,100). Although there is considerable uncertainty in 
the formation constants of the outer sphere complexes, the 
results of Kozachenkc and Batyaev (101) and others (91) indi­
cate that they are smaller for the heavy rare earths with 
possibly a maximum near europium. The possibility of forming 
inner sphere complexes at the highest concentrations is sug­
gested from the crystal structure of the rare earth hydrates 
(102, 103, 104,105), where the rare earth ions have two chlo­
rines and six waters as nearest neighbors. 
It is proposed that the formation of chloride complexes 
(outer sphere) will tend to increase the electric field that 
the first sphere waters "see". This enhanced electric field 
could be satisfied by a tendency to pack more waters into the 
first hydration sphere, displacing the equilibrium between 
the two water coordination numbers toward the higher coordi­
nation. This would shift the break in the Vg's for the rare 
earth series toward lower ionic radii. Below 2.5-3 molal 
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there is enough excess water to satisfy this enhanced first 
sphere water hydration. But above this concentration there 
are less than approximately 18-22 water molecules for one 
rare earth cation and three chloride anions. If we assume a 
coordination of 9-8 waters (5,97) by the cation, this leaves 
about 3-5 waters for each chloride ion. Therefore above 
these concentrations it is likely that there is not suffi­
cient water to satisfy the hydration requirements of the in­
dividual ions, and the water must be shared. Due to the 
competition for the waters of hydration and their spatial 
requirements, the equilibrium between the two coordination 
numbers is displaced toward the lower coordination, and the 
break in the series moves to higher ionic radii. The partial 
molal volumes of the rare earth perchlorates have been deter­
mined up to saturation at 25®C in this laboratory (106). The 
break in the series of the perchlorates also moves toward the 
heavy rare earths up to about 2.5-3 molal, and then moves 
back toward the light rare earths. 
As the temperature increases, it is reasonable that the 
thermal agitation will tend to reduce the importance of the 
dimensions of the cation in determining the hydration number, 
and the partial molal volumes should decrease more regularly 
across the series. This seems to be indicated by the Vz's at 
the highest concentrations and temperatures. The relative 
maximum near samarium would not be inconsistent with possible 
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(MOLARITY) 
Figure 18. Partial molal volumes of praseodymium and erbium 
chloride solutions at various temperatures 
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Figure 19. Partial aolal volumes of praseodymium chloride 
solutions at various temperatures (ordinate re­
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Figure 20. Partial molal volumes of some rare earth chloride 
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Figure 21. Partial molal volumes of lanthanum chloride solu­
tions at various concentrations 
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figure 22. Partial molal volumes of praseodymium chloride 
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Figure 23. Partial molal volumes of neodynium chloride solu­
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Figure 26. Partial aolal volumes of dysprosium chloride so­
lutions at various concentrations 
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Figure 27. Partial aolal volumes of erbium chloride solu­
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figure 28. Partial molal volumes of ytterbium chloride solu­
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Figure 29. Partial oolal volumes of some rare earth chloride 
solutions at 0.5 and 3.0 molal 
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Figure 30. Partial molal volumes of some rare earth chloride 
solutions at various concentrations, at 5°, 25®, 
500 and 80oc 
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Figure 31, Partial molal volumes of some rare earth chloride 
solutions at various temperatures, at 0.1, 1.0, 
2.0 and 3.5 oolal (ordinates refer to 5'*C carves 
only) 
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maximum in the stability constants near europium. It is 
known that the volume change in the formatio* of complexes is 
characteristically positive (107-112), which would account 
for the relative maximum in the Vz's for the complexes of 
highest stability. The partial molal heat capacities of the 
light rare earth chlorides also increase more rapidly with 
concentration than those of the heavies (31,32). This can be 
interpreted in terms of the higher stability of the light 
rare earth complexes. The fact that the Vz's of the chlo­
rides do not increase more rapidly with concentration than 
the rare earth perchlorates (106), would indicate that inner 
sphere complexation is unlikely at the concentrations exam­
ined. 
It would be difficult to decide conclusively whether or 
not inner sphere complexation is occurring in very concen­
trated rare earth chloride solutions, but the preponderance 
of evidence seems to be contrary to such a conclusion. 
The variation of the position of the coordination change 
in the rare earth series with temperature is shown in Figure 
31 at 0.1, 1, 2 and 3.5 molal. Again, the ordinate only re­
fers to the 50c curve, others being successively displaced by 
2 ml/10®C. The equilibrium is clearly displaced toward the 
lower coordination with increasing temperatures, at concen­
trations higher than 0.1m. In addition at 3.5 molal and the 
highest temperatures the two series effect has essentially 
/ 
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dissappeared, as previously mentioned. 
D. Partial Molal Volumes of the Hater 
The partial molal volume of the water, Vi, is the dif­
ferential volume change in the solution, resulting from the 
addition of water- Therefore, Vi represents the volume that 
one mole of water occupies in solution at various concentra­
tions, and can give information on the interactions to which 
the water is subiected. At infinite dilution, Vi is the mo­
lar volume of pure water, vj = 18.0682 ml/mole (25®C). As 
the concentration increases, a greater proportion of the wa­
ter is electrostricted by the salt, decreasing Vi- This de­
crease in Vi would be proportionately greater for rare earth 
ions of higher surface charge density, and the Vi's should 
decrease across the series. If however there is a decrease 
in the first sphere coordination, the ejected water would be 
under less electrostrictive pressure and would have more 
nearly the volume of open, structured water, resulting in an 
increase in Vi across the middle of the rare earth series. 
In Figure 32, Vi vs. m is plotted at several tempera­
tures, for PrClj. At low concentrations, Vi approaches v{. 
As the concentration increases, Vi decreases at all tempera­
tures, indicating the increasing proportion of water being e-
lectrostricted. Vi is seen to increase regularly with tem­
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perature, as expected. The conceatration dependence of the 
other salts is quite similar to that of Pr. 
In Figure 33, the concentration dependence of the vari­
ous salts is compared at 25®C. Although the differences in 
Vi for the various salts are real, they are too small to show 
on a normal graph effectively. Therefore, to show these dif­
ferences, the V: vs. m curve for YbCla was subtracted from 
all the curves. The differences are plotted in Figure 33. 
The error bars are taken from Table 20. The decrease in Vi 
with concentration, due to électrostriction, becomes greater 
with increasing surface charge density across the series. 
This is true for La to Nd and Gd to lb. From Nd to 6d the 
Vi's increase, due to the decrease in first sphere hydration. 
The behavior of these curves at temperatures other than 25®C 
is similar, and can be deduced from Figure 35. 
The temperature dependence of Vi for PrClg is shown in 
Figure 34. At high concentrations, the temperature depen­
dence is more nearly linear, in contrast to the large curva­
ture in OVi/9t) for pare water*. Thus, at high concentra­
tions, where little of the pure water structure is left, the 
expansibility of electrostricted water is more nearly that of 
normal liquids. This is consistent with the explanation that 
iThe curve for pure water would be indistinguishable 
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figure 32» Partial molal volume of the water in praseodymium 
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figure 33. Partial molal volume of the water in some rare 
earth chloride solutions relative to ytterbium 




























Partial nolal volume of the water in praseodymium 
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Figure 35. Partial molal volume of the water in some rare 
earth chloride solutions at various concentra­
tions, at 5® and 80®C, and at various tempera­
tures, at 2.0 and 3.5 molal 
211 
the maximum in xg. T is due to electrostcicted water 
having a more nearly linear expansibility than pure water. 
The temperature dependence of the other salts is quite simi­
lar to that of PrClj. 
The variation of Vi ionic radius with concentration 
and temperature is shown in Figure 35. The general decrease 
across the series, and the predicted increase in the middle 
of the series is best seen at intermediate concentrations and 
temperatures. At higher temperatures and concentrations the 
effects of complexation discussed in the last section tend to 
distort the two series effect somewhat. 
£. Coefficient of Thermal Expansion 
The coefficient of thermal expansion as a function of 
concentration is shown in Figure 36 to 43. Extrapolation of 
these curves to m = 0 gives the coefficient of expansion of 
water. The abnormally low ao at low temperatures (negative 
below 4®C) is due to the highly open 4-coordinate structure 
of water, and its rapid rise with temperature is primarily 
due to the destruction of this structure as the temperature 
increases. Eisenberg and Kauzmann (79, pp. 173-189) have di­
vided ao into the configurational and vibrational contribu­
tions. The former, which is negative and larger in magnitude 
below 40C, is the weakaiing of the structure, reducing the 
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volume, while the latter is the increase in volume due to the 
increasing amplitudes of the anharmonic intermolecular vibra­
tions. The latter contribution is positive and, above 4*0, 
larger in magnitude than the configurational contribution. 
At high temperatures the expansibility of water is more near­
ly that of normal liguids, although there is evidence that 
is still lover than normal even at 140°C (113), indicating 
appreciable hydrogen bonding even at these elevated tempera­
tures. 
From figures 36 to 43 it can be seen that at low temper­
atures a increases rapidly with concentration, while the re­
verse is true at high températures. If the intermolecular 
vibratioaal expansibility of the hydrated salt is î«ss than the 
intermolecular vibratioaal expansibility of water, then the 
general trends in a can be understood. At low temperatures, 
as the concentration increases, the (negative) configuration-
al contribution to a is reduced as the ions disrupt the water 
structure in fulfilling their hydration requirements, thus 
increasing a. At high temperatures, where the configuration-
al contribution is low in pure water, the decrease in a with 
increasing concentration is mainly due to the lower vibra­
tional expansion of the hydrated ions as compared to the vi­
brational expansion of pure water. Thus the trend in a with 
increasing concentration is primarily due to the unique 
structure of water. Since pressure would also tend to 
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disrupt the structure of water, reducing the configurational 
contribution, and the waters of hydration can be thought of 
being under the electrostatic "pressure" of the ions, it is 
not surprising that, if one replaces the molality scale by a 
pressure scale (Om = latm, and 3.5m = SOOOata) , the trends in 
these curves are exactly like the pressure dependence of ao 
for pure water (79, p. 186) , at the same temperatures. 
Indeed, Gibson's treatment of the compressibilities takes ad­
vantage of this concept (3, p. 381). 
The individuality of the various rare earth chlorides is 
evident at high concentrations, where the range in a with 
temperature is greater for La, Pr and Nd, than for the other 
rare earths, a is relatively constant with concentration (at 
high m) for La, increases for Pr, Nd and Sm, is again con­
stant for Gd, and then decreases for Dy, Er and Yb. 
The concentration dependence of the various salts is 
compared in Figure 44 at 5°, 35° and 80oc. The two series 
effect is evident in these curves, and the concentration de­
pendence of Sm and Gd appear anomalous at low temperatures. 
The variation of a with temperature is shown in Figures 
45 to 48. As was already mentioned, a increases with concen­
tration at low temperatures, but decreases at high tempera­
tures. For all but Sm, the temperatures where the curves 
cross is independent of concentration for dilute solutions. 
This crossover occurs at the following temperatures: 
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La - 370c Gd - 350c 
Pc - 390c Dy - 33®C 
Nd - 40OC Er - 34*C 
Sm -<40OC) ïb - 350c 
which clearly displays, once again, the two series behavior. 
The temperatures at which the curves cross at higher concen­
trations decreases for La, increases for Pr, Nd and Sm, in­
creases and then decreases for Gd,and decreases for Dy, Er 
and ïb, with increasing concentration. 
Jones, Taylor and Vogel (60) determined the a's for KCl 
(0.06 - 3.27m, 20° - 80°), BaClg (0.01 - 1.03m, 20° - 60°), 
and LaClg (0.06 - 1.04m, 20° - 60°). They found for these e-
lectrolytes: 
The temperature where (9a/3c) = 0 was reported as 52® for KCl 
and BaClz, and 37° for LaCl^. These results agree with those 
of Gildseth's for LaCl3, as can be seen from Figure 36. The 
results of Jones et al. for LaClg were not determined to high 
enough concentrations to note the change in temperature at 
which the more concentrated solutions cross. The a*s for 
a > 0 (3a/9c) >0, low T 
Oa/3T) > 0 Oa/3c) = 0, at some T 
(3 = a/3T2) < 0 Oa/Sc) < 0, high T 
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KCl, which Jones et al. determined to higher concentrations 
do show a decrease in the temperature at which the concen­
trated solutions cross. At the highest concentrations exam­
ined in this research, 0^a/3T^) is not always less than 
zero, but generally contains inflection points. This may be 
an artifact of the fitting procedure. 
The variation of a vs. ionic radius with concentration 
and temperature is shown in Figures 49 and 50, at 5® and 
80°C, and at 1 and 3.5 molal, respectively. The following 
observations can be made: 1) there is a general increase in 
a across the series; 2) there is a decrease in a at the hy­
dration change; 3) the equilibrium is displaced toward the 
higher coordination with increasing concentration at 5®C; 
and 4) the range of rare earths over which the hydration 
change occurs widens and becomes less abrupt with increasing 
temperature at 3.5 molal. 
As the radii of the trivalent ions decrease across the 
rare earth series, due to the laathanide contraction, the 
charge density on the surface of the ion increases. This in­
creasing charge density across the series packs the first co­
ordination sphere waters more tightly around the ion for a 
given coordination number. The water in the second coordina­
tion sphere and further out also is under the influence of 
the ion, which tends to align these water dipoles along the 
electric field. This electric field competes with the forces 
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figure 36. Coefficient of thermal expansion of lanthanum 
chloride solutions at various temperatures 
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Figure 37. Coefficient of thermal expansion of praseodymium 


















Fiqure 38 .  Coefficient of thermal expansion of neodyoium 




Figure 39. Coefficient of thermal expansion of samarium 




Figure 40. Coefficient of thermal expansion of gadolinium 













figure 41. Coefficient of thermal expansion of dysprosium 








Figure 42. Coefficient of thermal expansion of erbium chlo­
ride solutions at various temperatures 
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Figure 43. Coefficient of thermal expansion of ytterbium 






Figure 44. Coefficient of thermal expansion of some rare 
















Figure 45. Coefficient of thermal expansion of lanthanum and 
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Piqûre 47. Coefficient of thermal expansion of gadolinium 






















Figure U8. Coefficient of thermal expansion of erbium and 
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Figure 50. Coefficient of thermal expansion of some rare 
earth chloride solutions at various temperatures, 
at 1.0 and 3.5 molal 
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in the bulk water which tend to form hydrogen bonds with the 
waters in this intermediate region. Conseguently, the hydro­
gen bonded structure in this intermediate region is weakened, 
increasing its thermal expansibility. The increasing charge 
density across the series affects the water further out from 
the ion, so that the effective total hydration number in­
creases across the rare earth series. That the total ion-
water interaction (total hydration) increases across the se­
ries has been confirmed by conductance (27), viscosity (25) 
and activity coefficient (28) data. It is the increasing 
size of this intermediate region with its larger expansibili­
ty that increases the coefficient of expansion across the se­
ries. The decrease in the first sphere water hydration will 
in effect return a water molecule to the unaffected bulk wa­
ter with its lower expansibility, reducing a in the middle of 
the series. Furthermore, since the configurational expansi­
bility is largest at low temperatures, the break in the se­
ries is much more pronounced at low temperatures. The wider 
range in a with temperature at a given concentration for the 
light rare earths is due to the fact that the total hydration 
is less than for the heavy rare earths, and therefore the so­
lutions of the light rare earths contain a greater proportion 
of normal water with its greater range in expansibility. 
This effect is particularly noticeable in Figure 50. An ar­
gument similar to the above can be used to understand the 
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variation of the temperature at which the a vs. T curves 
cross. As the radius decreases and the total hydration in­
creases, the temperature at which the expansibility of pure 
water is the same as that of the solution, increases. The 
reversal in this temperature, across the series, is due to 
the same reason as for the reversal in a. 
F. Apparent Molal Expansibilities 
The apparent molal expansibility vs. of PrClg at 
various temperatures is shown in Figure 51. The $ 's of the £i 
other salts are very similar. The 4>g*s are positive at low 
temperatures and decrease with concentration. At high tem­
peratures, the Og's are negative and increase with concentra­
tion. The slight s-shape in ((>_ found for other electrolytes 
£ 
(45,39,40) is also evident for the rare earths. 
From elementary considerations one would expect the ex­
pansibility of a solvent to decrease with the addition of an 
electrostricting solute if there were little solvent struc­
ture, resulting in negative (|>_*s. These would be more nega-£1 
tive for salts of higher surface charge density. And they 
should become less negative with increasing concentration due 
to the depletion of available solvent. This behavior is ob­
served for electrostricting salts in solutions of some non­
aqueous solvents. For example, the $g*s of electrolytes in 
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methanol are negative and increase with concentration (39). 
The 4>g*s of aqueous solutions are anomalous in that they are 
positive and decrease with concentration at low temperatures. 
At high temperatures the #g's in aqueous solutions conform 
to the expected behavior, similar to those in non-aqueous 
solvents. The anomalous $g's in water at low temperatures 
can be understood by considering again the structural charac­
ter of the water. At low temperatures, where the structure 
of water is most pronounced, the expansibility of water is 
low and increases rapidly with T, due to the weakening of 
this structure. Since this breakdown in water structure is 
promoted by the addition of solute, the expansibility of the 
solution is greater than that of water, resulting in positive 
(j)„*s. This effect decreases with both increasing concentra-JCi 
tion and increasing temperature, but increases with rising 
surface charge density. in glycol, a solvent of inter­
mediate amount of structure, show behavior intermediate to 
those in methanol and water (39). 
Although the concentration in this report are too high 
to test the Debye-Huckel limiting law, the slopes of (j>j, vs. 
1/2 
c ' become less negative at low concentrations and tempera­
tures, indicating the possibility of becoming positive at 
very low concentrations, in agreement with the predictions. 
The limiting slopes at 5° and 65'*C are drawn in Figure 51. 
These slopes were drawn with an arbitrary zero intercept 
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since no extrapolation to infinite dilution could be made. 
The concentration dependence of <l>g for the various salts 
is shown in figure 52 at 25®C on an expanded scale. The a-
nomalous behavior of Sm and Gd is striking. These are the 
two salts for which the equilibrium between the two inner 
sphere coordination numbers has the largest concentration de­
pendence. This figure also shows that at 25*0 the slopes 
become positive at low concentrations, in agreement with the­
oretical predictions. 
The temperature dependence of the apparent molal expan­
sibilities for PrCls is shown in Figure 53. The other salts 
behave similarly, with only the temperature at which the <t>^ 
vs. T curves cross varying from salt to salt. The crossovers 
occur at 
La - 370c Gd - 28.50c 
Pr - 350c Dy - 340c 
Hd - 340c Er - 35.50c 
Sm - 30OC Yb - 360C 
In contrast to the two series trend in the temperatures where 
the a vs. T curves cross, the temperatures where the (})g vs. T 
curves cross decrease from La to Gd and increase to Yb. It 
should also be noted that this crossover of the vs. T 
curves occurs more nearly at a constant temperature than for 
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similar crossovers in the temperature curves of a. Eg: and Ei. 
The fact that the apparent molal expansibility is indepen­
dent of concentration at some temperature, implies that at 
this temperature, the average expansibility of the hydrated 
ion is the same as the expansibility of pure water. 
In figure 54, the temperature dependence of <j>g for the 
different salts is compared at 3.5 molal on an expanded 
scale. At this concentration La, Pr and Nd have a smaller 
temperature dependence than the other salts. 
The variation of vs. ionic radius with concentration 
is shown in Figure 55 at 5®, 25°, 50® and 80®C. The general 
increase in 4)^ with decreasing Ionic radius of the rare earth 
ion is due to the greater breakdown of the water structure 
with increasing surface charge density of the ion. Increasing 
the expansibility of the solution relative to that of water 
across the rare earth series. If the number of water mole­
cules in the inner sphere decreases, this water is In effect 
returned to the bulk water structure, decreasing the expansi­
bility of the solution and resulting in a decrease in Og, as 
is observed. The shift In the equilibrium between the two 
coordination numbers at 25®C and low concentrations, becomes 
apparent at Nd and is fairly complete after Gd. The position 
of this equilibrium shift In the rare earth series for the 
apparent molal expansibilities Is the same as reported for 
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figure 51. Apparent molal expansibilities of praseodymium 
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figure 52. Apparent molal expansibilities of some rare earth 
chloride solutions at 25®C 
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Figure 53. Apparent molal expansibilities of praseodymium 
chloride solutions at various concentrations 
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Figure 54. Apparent aolal expansibilities of some rare earth 
chloride solutions at 3.5 molal 
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Flquce 55. Apparent nolal expansibilities of some rare earth 
chloride solutions at various concentrations, at 
50, 25°, 50° and 80*0 
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figure 56. Apparent molal expansibilities of some rare earth 
chloride solutions at various temperatures, at 
0.1, 1.0, 2.0 and 3.5 molal 
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urne properties, the position of the equilibrium between the 
two coordination numbers apparently shifts toward the heavy 
rare earths with increasing concentration, especially at Ion 
temperatures. 
The temperature dependence of the position of the equi­
librium in the series is shown in Figure 56. at 0.1, 1, 2 and 
3.5 molal. As the temperature increases, the break in the 
series moves toward the light rare earths, indicating that 
the equilibrium is displaced toward the lower coordination 
number with increasing temperature. 
G. Partial Molal Expansibilities of the Solute 
The general behavior of Eg is very similar to and 
the general discussion of (})g also applies to Since Eg 
contains second order derivatives of the experimentally meas­
ured quantity, it is evident that the errors in Eg are larger 
than in Og. 
Figures 57 to 64 show the concentration dependence of 
Eg. It should be noted that the spread in Eg with tempera­
ture at high concentrations is very low for all but Sm and 
Gd. These two salts are shifting from the higher coordina­
tion toward the lower coordination with increasing tempera­
tures. As noted by Gildseth (6) for La and Nd, the £2 change 
very little at the highest concentrations with both tempera-
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tare and concentration and have small absolute values. This 
would not be incompatible with a pseudo salt-like lattice in 
electrolytic solutions at high concentrations. 
figures 65 to 68 display the temperature dependence of 
Ê2- The crossovers are less constant with concentration than 
in <}>£, especially at high concentrations. Gildseth found 
that the Ez's at the highest concentrations for La and Nd 
varied in a sine-like manner with temperature. He felt that 
this was an artifact of the least squares treatment. The 
curves for La in Figure 65, which are based on Gildseth's da­
ta, do not show this behavior, nor do any of the other salts. 
The sine-like behavior obtained by Gildseth was probably due 
to the magnified errors in the derivatives of least squares 
eguations, which are most pronounced at the end of a data 
set, as discussed in the error analysis. The matrix method 
of fitting the data tends to mitigate this problem somewhat. 
The partial molal heat capacity of electrostricting 
salts is commonly negative, due to the breakdown of the water 
structure. The strongly held water dipoles around the ion 
lose some of their degrees of freedom, reducing the effective 
heat capacity. Hepler (113) argued that since increasing 
pressure also reduces the structure of water, (9C_ /3P) 19 
should be positive. From the thermodynamic relationship 















Figure 57. Partial oolal expansibilities of lanthanum chlo­




Figure 58. Partial molal expansibilities of praseodymium 
chloride solutions at various temperatures 
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Figure 59. Partial molal expansibilities of neodymium chlo­





figure 60. Partial oolal expansibilities of samarium chlo­





Figure 61. Partial molal expansibilities of gadolinium chlo­





Figure 62. Partial molal expansibilities of dysprosium chlo­





Figure 63. Partial molal expansibilities of erbium chloride 























Figure 64. Partial aolal expansibilities of ytterbium chlo­
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Figure 66. Partial molal expansibilities of neodymiun and 
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figure 69. Partial molal expansibilities of some rare earth 
chloride solutions at various concentrations, at 
5®, 25°, 500 and 80*0 
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Figure 70. Partial molal expansibilities of some rare earth 
chloride solutions at various temperatures, at 
0.1, 1.0, 2.0 and 3.0 molal 
258 
(BEz/aT) should be negative for electrostricting salts. From 
figures 65 to 68, it is seen that the (9Ë2/9T) are indeed 
negative for the rare earth chlorides, except at the highest 
concentrations. 
The variation of Ez vs. ionic radius with concentration, 
shown in Figure 69, is similar to that of At 50®C the 
position of the equilibrium shifts toward the heavy rare 
earths up to about 2.0 molal. Above this concentration it 
moves back toward the light rare earths. Thus the equilibri­
um between the two inner sphere coordination numbers is dis­
placed toward the 9-water coordination with increasing con­
centration up to about 2 molal. Above this concentration the 
equilibrium is displaced back toward the 8-water coordina­
tion. This concentration behavior at other temperature is 
similar to that at SO^C. These results are in agreement with 
the V2 results discussed earlier. 
The variation of Ê2 vs. ionic radius with temperature is 
shown in Figure 70 at 0.1, 1, 2 and 3.5 molal. The equilib­
rium is displaced toward the lower inner sphere hydration 
with increasing temperature, confirming the results of V2 
and 
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H. Partial Molal Expansibilities o£ the Water 
Figures 71-74 shov the concentration dependence of Ei at 
various temperatures. This and the other graphs of Ex resem­
ble those of a. At low temperatures the partial molal expan­
sibility of water increase with concentration, indicating the 
reduced pure water structure at higher concentrations. At 
high temperatures, the Ei decrease with concentration, 
showing the smaller expansibility of the hydration water. 
Thus pure water at high temperatures has the highest expansi­
bility, and pure water at low temperatures has the lowest ex­
pansibility. The water hydrated by the solute has an average 
expansibility intermediate between these extremes. The 
greater variation of Ej vs. T at high concentrations for Sm 
and Gd indicates the change in coordination with temperature 
for these salts. 
The temperature dependence of Ej at various concentra­
tions is shown in Figures 75-78. The marked sine-like behav­
ior of El vs. I for the most concentrated solutions observed 
by Gildseth for La and Nd is much reduced in these figures, 
again indicating that this behavior is a conseguence of the 
least sguares fitting procedure. 
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Figure 71. Partial molal expansibility of the water in Ian 
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Figure 72. Partial molal expansibility of the water in neo-





Figure 73. Partial molal expansibility of the water in gado­
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Piqûre 75. Partial molal expansibility of the water in lan­

















Figure 76. Partial œolal expansibility of the water in neo-






Figure 77. Partial œolal expansibility of the water in gado­




















figure 78. Partial molal expansibility of the water in erbi­




The densities of water and seven aqueous rare earth 
chloride solutions were determined to a few parts per million 
by a dilatometric method from 0.1 to 3.5 moial over a temper­
ature ranqe of 5® to SOOC. From these densities and existing 
data for LaCls and NdCls, apparent moial volumes were calcu­
lated. From least squares equations representing the 4>y* s as 
a function of temperature and concentration, Vzf Vi, a, <j>£» 
Ë2 and El values were calculated. The validity of the exper­
imental method and numerical treatment of the data were es­
tablished from satisfactory agreement with existing data on 
the density of water and NdClg solutions. 
The above properties were examined in terms of possible 
ion-water and ion-ion interactions as a function of concen­
tration, temperature and ionic radius across the series. 
The hiqh surface charqe density of the trivalent rare 
earth ions, disrupts the structure of water. The decreasing 
ionic radius across the series results in a higher surface 
charqe density for the heavy rare earths, so that the total 
number of waters affected by the ions increases from la^* to 
Lu3+. It has been postulated (5) that there is a shift in an 
equilibrium between two inner sphere water coordination num­
bers in the middle of the rare earth series, due to the de-
creasinq rare earth ionic radius. La'* to Nd^* have predomi­
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nantly the higher, and Tb3+ to Lu'+ the lover coordination 
number. Between Nd3+ to Tb3+ this equilibrium is gradually 
displaced to the lover coordination number. Previously meas­
ured apparent aolal volumes at 25®C have been correlated with 
this coordination decrease. 
In terms of this model, the folloving results distin­
guish this report: 
1. Although the two aeries effect in <py, Vz and Vi re­
mains evident at all concentrations and temperatures, it 
tends to become less pronounced at high temperatures and con­
centrations. 
2. A close examination of the Vz data across the series 
disclosed a displacement of the equilibrium toward the higher 
coordination vith increasing concentration, up to approxi­
mately 2.5-3 molal. Above this concentration, the equilib­
rium is displaced toward the lower inner sphere water coordi­
nation number. This concentration dependence of the equilib­
rium vas discussed in terms of outer sphere cooplexation. 
3. A relative maximum in the Vz's, across the series at 
the highest concentrations and temperatures was found to be 
consistent vith the stability constants for the rare earth 
chloride complexes. 
4. Maxima in the and Vz as a function of temperature 
were discussed in terms of the rare earth ion-vater interac­
tion. 
270 
5. From the trends in 4)^ and Vz across the series, the 
equilibrium was found to be displaced toward the lower inner 
sphere water coordination with increasing temperature. 
6. The concentration dependence of a, 4)^, Eg and Ei was 
discussed in terms of the expansibility of the hydrated ions 
and a decrease in the configurâtional expansibility of water. 
7. The a's, and Eg's were found to increase from 
La3+ to Nd3+ and Gd3+ to yb3+, with a decrease from Nd^* to 
Gd3+. The general increase across the series was attributed 
to the increase in total hydration, and the decrease from 
Nd3+ to Gd3+ was shown to be consistent with the previously 
postulated shift in the inner sphere coordination equilibri­
um. The two series effect remains present at all concentra­
tions and temperatures in the expansibility properties. 
8. At the lowest concentrations examined, the results 
indicate that the (j)^ vs. c slopes at low temperatures may 
become positive, in agreement with the Debye-Huckel theory. 
9. The trends in the Ë2 vs. ionic radius curves with 
increasing concentration and temperature confirm those found 
for V2. 
10. The Eg's at high concentrations and temperatures 
for the rare earth chlorides are compatible with a pseudo 
salt-like lattice. 
The discussion of the results in this research are nec­
essarily qualitative, due to the absence of a comprehensive 
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solution theory at moderate to high concentrations. Until 
such a quantitative theory is established, arguments such as 
those presented will remain somewhat speculative. Additional 
experimental measurements which may prove to be helpful in 
clarifying these conclusions are now in progress in this lab­
oratory. The compressibilities, which are closely related to 
the expansibilities, are no» being determined as a function 
of concentration, T, P and rare earth salt. Expansibilities 
of the rare earth nitrates and perchlorates in addition to 
the rest of the chlorides should provide further insight on 
the variation of the anion-water and ion-ion interactions. 
Furthermore, Raman and solution x-ray diffraction, among oth­
er measurements, are providing complementary molecular infor­
mation that will be invaluable in the elucidation of the 
nature of electrolytic solutions. 
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In Tables A1 - AS values of d, V20 Vi, a, Ez and 
El are calculated at even molalities and temperatures. All 
of these values were calculated from Equations 4.5-4.7 and 
4.9-4.13, together with the matrix coefficients in Table 18. 
The column for NdClg contains the results of the numerical 
treatment of the combined density data from Gildseth (6) and 
this research. The columns headed NdCla (G) and NdClg (H) 
qive the results of treating these two sets of data separate­
ly for this salt. The values listed for LaClj and NdClg (G) 
below 20®C represent an extrapolation of Gildseth*s data. 
The volume concentration, molarity, which is more con­
sistent with electrolytic solution theory than the weight 
concentration, can conveniently be obtained for each salt at 
any temperature from 
_ lOOOmd 
lOOO+mMg 
where d is taken from Table A1. 
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Table Al. Density in g *1-: 
LaCl, PrCl, NdCl, NdCl, NdCl, SnCl, GdCl, DyCl, ErCl, ïbCl, 3 3 jgj3 3 3 3 •' 3 3 3 
t = 50c 
0. 10 1. 022796 1. 023035 1 .023859 1. 023859 1. 023859 1. 020329 1 .020750 1 .025302 1. 026012 1 .026820 
0. 25 1. 056307 1. ,057906 1 .058995 1.059010 1. 059010 1. 060207 1 .061280 1 .062736 1. 060392 1 .366380 
0. 50 1. 110757 1. 113910 1 .116105 1. 116185 1. 116185 1. 118652 1 .120751 1 .123576 1. 126905 1 .130903 
0. 75 1. 1630 18 1. 168267 1 .171671 1. 171727 1. 171726 1. 175501 1 .178592 1 .182689 1. 187725 1 .193786 
1. 00 1. 210020 1. 221033 1 .225630 1. 225693 1. 225692 1. 230900 1 .230893 1 .200160 1. 206913 1 .255C70 
1. 25 1. 263830 1. 272208 1 .278052 1. 278119 1. 278117 1. 280876 1 .289715 1 .296051 1. 300507 1 .310779 
1. 50 1. 311711 1. 321906 1 .328960 1. 329029 1. 329028 1. 337370 1 .303101 1 .350008 1. 360538 1 .372910 
1. 75 1. 358120 1. 370160 1 .378379 1. 378051 1. 378050 1. 388031 1 .39508O 1 .003273 1. 015035 1 .029076 
2. 00 1. *03128 1. 016929 1 .026336 1. *26010 1. 026010 1. 038068 1 .005686 1 .050680 1. 068026 1 .080090 
2. 25 1. 006782 1. 062293 1 .072862 1. 072909 1. 072909 1. 086286 1 .090920 1 .500659 1. 519501 1 .537987 
2. 50 1. 089100 1. S06300 1 .517991 1. 518090 1. 518090 1. 533089 1 .502791 1 .553233 1. 569609 1 .589985 
2. 75 1. 530272 1. 5*9002 1 .561763 1. 561872 1. 561872 1. 578077 1 .589298 1 .600021 1. 618259 1 .600525 
3. 00 1. 570223 1. 590053 1 .60*218 1. 600330 1. 600330 1. 62205: 1 .630030 1 .606235 1. 665521 1 .689607 
3. 25 1. 609050 1. 6 307 10 1 .605*02 1. 605515 1. 605515 1. 665011 1 .678169 1 .690680 1. 711020 1 .737398 
3. 50 1. 606806 1. 669836 1 .685360 1. 685057 1. 685056 1. 706153 1 .720092 1 .733768 1. 755996 1 .783831 
IOOC 
0. 10 1. 022398 1. 023020 1 .023051 1 .023005 1. 023005 1. 023926 1 .020362 1 .020951 1. ,025616 1 .026023 
0. 25 1. 055751 1. 057277 1 .058 376 1 .058377 1. 058377 1. 059598 1 .060708 1 .062157 1. 063800 1 .065782 
0. 50 1. 109863 1. 1 129 61 1 .115203 1 .115221 1. 115221 1. 117721 1 .119897 1 .122711 1. 126015 1 .129993 
0. 75 1. 162265 1. 167030 1 .  170*00 1 .170072 1. 170072 1. 170318 1 .177087 1 .181575 1. 186572 1 .192602 
1. on 1. 213000 1. 219508 1 .22*100 1 .220183 1. 220183 1. 229050 1 .233560 1 .238829 1. 2*5529 1 .253608 
1. 25 1. 262265 1. 270507 1 .276302 1 .276380 1. 276380 1. 283103 1 .288180 1 .290529 1. 302919 1 .313130 
1. 50 1. 309986 1. 320058 1 .327 050 1 .327095 1. 327095 1. 335009 1 .301370 1 .308718 1. 358769 1 .371076 
1. 75 1. 356263 1. 368110 1 .  376 302 1 .37630 1 1. 376 301 1. 386258 1 .393170 1 .001033 1. 013105 1 .027071 
2. 00 1. 001152 1. 010736 1 .020 109 1 .*20106 1. 02010s 1. 035690 1 .003599 1 .052707 1. 065950 1 .082336 
2. 25 1. 000708 1. 059976 1 .O7O502 1 .*70538 1. 070539 1. 083720 1 .092661 1 .502568 1. 517303 1 .515695 
2. 50 1. 086986 1. 503872 1 .515512 1 .515509 1. 515550 1. 530339 1 .500366 1 .551037 1. 567302 1 .587576 
2. 75 1. 528001 1. 5*6070 1 .559 170 1 .559213 1. 559210 1. 575551 1 .586711 1 .598130 1. 615861 1 .638016 
3. 00 1. 567928 1. 5878 32 1 .601526 1 .601568 1. 601568 1. 619359 1 .631690 1 .603873 1. 663050 1 .687057 
3. 25 1. 606698 1. 628003 1 .602607 1 .602652 1. 602652 1. 661760 1 .675289 1 .683266 1. 708901 1 .730751 
3. 50 1. 600003 1. 667000 1 
.682*62 1 .682506 1. 682506 1. 702756 1 .717091 1 ,731318 1. 753006 1 .781150 













































































































































































































































































































































Table Al. (Continued) 
m LaCl PrCl, NdCl, NdCl, NdCl, SnCl, GdCl, DyCl, ErCl, YbCl, 3 J (Qj 3 jH) ^ ^ 3 3 3 3 3 
t « 25*0 
0. 10 1. 015457 t. 020064 1. 020496 1 .020484 1.020484 1. 020989 1 .021467 1 -022048 1. ,022697 1 .023*92 
0. 25 1. 052407 1.053875 1. .054968 1 .054959 1-054959 1. .056226 1 -057436 1 .058869 1. ,060479 1 .062431 
0. ,50 1. 105881 1. 108866 1. 111084 1 .111087 1. 111087 1. 113654 1 -116034 1 .118830 1. 122069 1 .125985 
0- 75 1. 157718 1. 162309 1.165674 1 .165687 1. 165686 1- 169600 1 -173082 1 - 177164 1. 182059 1 .187998 
1- 00 1. 208001 1. 214265 1. 218791 1 .218808 1. 218807 1. 224118 1 .228655 1 .233945 1. 240505 1 .248500 
1. 25 1. 256790 1. 264761 1. 270456 1 .270473 1. 270472 1- 277225 1 .282793 1 -289219 1. 297431 1 .307494 
1. 50 1. 304136 1. 313821 1- 320685 1 -320697 1. 320696 1. 328928 1 .335523 1 .343020 1. 352859 1 .364977 
1. 75 1. 350088 1. 361468 1. 369490 1 .369496 1. 369496 1- 379230 1 .386867 1 -395380 1. 406809 1 .420954 
2. CO 1. 39469* 1. 407727 1. 416888 1 .416889 1. 416883 1- 428132 1 .436839 1 .446326 1. 459307 1 .475437 
2. 25 1. *38002 1. 45263' 1.. 462900 1 .462896 1. 462896 1- 475634 1 .485451 1 -495884 1. 510379 1 .529448 
2. 50 1. 480062 1. 496214 1. 507551 1 .507544 1. 507544 1. 521740 1 .532709 1 -544080 1. 560057 1 .580019 
2. 75 1. 520922 1. 538519 1- 550869 1 .550861 1. 550861 1- 566*53 1 -578618 1 .590936 1. 608374 1 .630190 
3. 00 1. 560632 1. 579589 1. 592888 1 .592882 1. 592882 1. 609779 1 .623180 1 .636*73 1- 655369 1 .679014 
3. 25 1. 5992*0 1. 619475 1. 633643 1 .633642 1. 633641 1- 651722 1 .666395 1 .680711 1. 701082 1 .726547 
3. SO 1. 636794 1. 658230 1. 673175 1 ,673179 1. 673179 1. 692292 1 .708258 1 .723669 1. 745555 1, .772859 
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Table Al. (Continued) 
283 
LaCl, PrCl, NdCl, NdCl, NdCl, SnCl, GdCl, DyCl, ErCl, YbCl, 
3 3 jg) 3 jg) 3 3 3 3 3 
t = «SOC 
0. 10 1. 012475 1. ,013047 1. ,013478 1 .013453 1. 013459 1. 013979 1 .014501 1 .015079 1. ,015710 1 .016O90 
0. 25 1. 045151 1.046558 1. .0*7635 1 .047617 1. 0*7617 1. 0*8914 1 .050231 1 .051661 1. 053231 1 .0 55143 
0. 50 1. 098198 1-101054 1. ,103225 1 .103222 1. 103223 1. 105832 1 .108431 1 .111232 1. 114394 1 .118230 
0. 75 1. 149641 1. 154027 1. 157308 1 .157317 1. 1S7318 1. ,161269 1 .165091 1 .169206 1. 173984 1 .179802 
1. 00 1. 199565 1.205538 1. ,209941 1 .209953 1. 209954 1. 215274 1 .220277 1 .225651 1. 232052 1 .239887 
1. 25 1. 248028 1. 255612 1. 261139 1 .261151 1. 261152 1. 267857 1 .27*020 1 .280606 1. 28 862 0 1 .298483 
1. 50 1. 295074 1. 304268 1. 310913 1 .310919 1. 310920 1. 319022 1 .326339 1 .334099 1. 343706 1 .355584 
1. 75 1. 340749 1. 351523 1. 359269 1 .359269 1. 359270 1. 368767 1 -377251 1 .386158 1. 397328 1 .411192 
2. 00 1. 385095 1. 397397 1. 406219 1 .406215 1. *06216 1. *17095 1 -426770 1 .436808 1. 449511 1 .4 65319 
2. 25 1. 428156 1. 441917 1. 451781 1 .451775 1. *51775 1. 464011 1 .*7*912 1 .486079 1. 500286 1 .517992 
2. 50 1. 469978 1. *85113 1. 495975 1 .495970 1. *95971 1. 509522 1 .521691 1 .534000 1. 549688 1 .569249 
2. 75 1. 510605 1. 527021 1. 538829 1 .538828 1. 538828 1. 553643 1 .567126 1 .580603 1. 597762 1 .619139 
3. 00 1. 550086 1. 567682 1. 580377 1 .580380 1. 580380 1. 596391 1 .611234 1 .625921 1. 644554 1 .667724 
3. 25 1. 588465 1. 6071*2 1. 620655 1 .620661 1. 620661 1. 637786 1 .65«03« 1 .665987 1. 690118 1 .715078 
3. 50 1- 625792 1. 645*49 1. 659706 1 .659710 1. 659710 1. 677855 1. 695546 1 .712837 1. 734512 1 .761283 



















































































































































































































































































































































































































































































































Table 11. (Continued) 
m LaCl, PrCl, NdCl, NdCl, NdCl, SuCl, GdCl, DyCl, ErCl, YbCl, 
^ ^ (G) ^ (H) ^ ^ ^ ^ 
t = 6S">C 
0. 10 1. 002799 1 .003352 1. 003777 1. 003751 1. 003750 1. ,004277 1 .004833 1 .005*12 1. 006027 1 .006791 
0. 25 1. 035*12 1 .036758 1. 037816 1. 037790 1. 037789 1. 039101 1 .040502 1 .0*1938 1. 043*73 1 .0*53*6 
0. 50 1. 088333 1 .091055 1. 093176 1. 093167 1. 093166 1. 095796 1 .098571 1 .101398 1. 104*93 1 .108251 
0. 75 1. 139645 1 .1*3815 1. 1*7012 1. 1*7017 1. 1*7016 1. 150979 1 .155082 1 .159260 1. 163938 1 .169639 
1. 00 1. 189*38 1 .195103 1. 199381 1. 199391 1. 199390 1. 204697 1 .210095 1 .215589 1. 221860 1 .229539 
1. 25 1. 237766 1 .2**9*0 1. 2502 97 1. 250305 1. 250304 1. 2S69S6 1 .263633 1 .270*20 1. 278277 1 .2879*6 
1. 50 1. 28*671 1 .293339 1. 299762 1. 29976* 1. 299763 1. 307755 1 .315711 1 .323775 1. 333203 1 .3**850 
1. 75 1. 330193 1 .3*0311 1. 3*7781 1. 3*7777 1. 347775 1. 35709* 1 .3663*5 1 .375680 1. 386657 1 .400252 
2. 00 1. 37*372 1 .38587* 1. 39*362 1. 39*353 1. 394352 1. *04979 1 .*15551 1 .*26162 1. 438665 1 .45*166 
25 1. «172*9 1 .430052 1. *39522 1. 439513 1. *39510 1. *51421 1 .*63352 1 .*75252 1. 489260 1 .506621 
2. 50 1. *58867 1 .*7287* 1. *83285 1. *83278 1. *83276 1. 496439 1 .509773 1 .522986 1. 538484 1 .557659 
2. T> 1. *99269 1 .51*379 1. 525683 1. 525681 1. 525678 1. 540062 1 .5548*5 1 .569*05 1. 586387 1 .607339 
J. 00 1. 538502 1 .55*610 1. 56675* 1. 566757 1. 56675* 1. 582323 1 .598605 1 .61*553 1. 633029 1 .65573* 
3. 2S 1. 576511 1 .593617 1. 606545 1. 6065*9 1- 606547 1. 623262 1 .641090 1 .658480 1. 678*74 1 .702927 
i . 50 1. 6136*6 1 .631*56 1. 6*5109 1. 6*510* 1. 6*5105 1. 662927 1 .6823*5 1 .701236 1. 722793 1 .7*9018 
t = 70»C 
0. 10 1. .000026 1 .00057* 1 .000997 1 .000970 1 .000969 1. 001497 1 .002060 1 .002639 1. 003251 1 .00*011 
0. 2h 1. 0326*5 1 .033978 1 .035028 1 .035002 1 .035001 1. 036315 1 .03773* I  .039172 1. 0*0699 1 .0*2563 
0. 50 1. 085568 1 .088257 1 .090363 1 .090356 1 .090353 1. 092987 1 .095802 1 .098637 1. 101717 1 .105*56 
0. 75 1. 136877 1 .1*0992 1 .1**166 1 .1**173 1 .  1*4170 1. 148136 1 .152303 1 .  156*99 1. 161156 1 .166827 
1. 00 1. 186662 1 -1922*9 1 .196494 1 .196506 1 .  196503 1. 201808 1 .207296 1 .212825 1. 219068 1 .226709 
1. 25 1. 23*977 1 .2*20*7 1 .247359 1 .2*7368 1 .2*7366 1. 254009 1 .260806 1 .2676*8 1. 275*72 1 .285093 
1. 50 1. 281863 1 .290 396 1 .29676* 1 .296766 1 .  296764 1. 304737 1 .3128*6 1 .320990 1. 330381 1 .3*1971 
1. 75 1. 327361 1 .337309 1 .3**710 1 .3*4706 1 .3*4704 1. 353994 1 .363*30 1 .372875 1. 383813 1 .3973*2 
2. 00 1. 371508 1 .382801 1 .391207 I  .391199 1 .391197 1. 401785 1 .412576 1 .*23330 1. 435794 1 .451220 
2. 25 1. *1*3*6 1 .*26857 1 .*36272 1 .*3626* 1 .*36262 1. 448125 1 .460309 1 .*72388 1. 486359 1 .503635 
2. 50 1. *55916 1 .469628 1 .*79931 1 .479927 1 .*7992* 1. 493036 1 .506657 1 .520087 1. 535551 1 -55*630 
2. 75 1. *96261 1 .511032 1 .522217 1 .522218 1 .522216 1. 536550 1 .55165* 1 .566*69 1. 583*21 1 .60*266 
3. 00 1. 535*28 1 .551155 1 .563172 1 .563179 1 .563176 1. 578704 1 .5953*1 1 .611581 1. 630031 1 .652617 
3. 25 1. 573*63 1 .590050 1 .602847 1 .602853 1 .602852 1. 619545 1 .637762 1 .655477 1. 675**7 1 .699770 
3. 50 1. 610*1* 1 .627775 1 .641296 1 .6*1292 1 .6*1293 1. 659125 1 .678965 1 .698210 1. 7197*6 1 .7*5825 
t = 750c 
0. 10 0. .997123 0. 997667 0. 998086 0. 998 C59 0. 998 059 0. 998586 0 .999157 0 .999736 1. .0003** 1 .001100 
0. 25 1. C29756 1. 03107* 1. 032117 1. 032091 1. 032090 1. 033405 1 .03*8*3 1 .036283 1. 03780 2 1 .039655 
0. 50 1. 082692 1. 0853*6 1. 087437 1. 087432 1. 087429 1. 090065 1 .092918 1 .095762 1. 098828 1 .1025*7 
0. 75 1. 13*006 1. 138066 1. 1*1216 1. 1*1225 1. 1*1221 1. 145188 1 .1*9417 1 .15363* 1. 158270 1 .163912 
1. 00 1. 183791 1. 189298 I. 193511 1. 19352* 1. 193520 1. 198822 1 .20*401 1 .209965 1. 216182 1 .22378* 
1. 25 1. 232100 1. 239063 1. 2**332 1. 2**342 1. 2*4339 1. 250972 1 .257890 1 .26*787 1. 272581 1 .28215* 
1. 50 1. 27897* 1. 287367 1. 293680 1. 29368* 1. 293681 1. 301637 1 .309898 1 .318123 1. 327*80 1 .339013 
1. 75 1. 32**51 1. 33*2:3 1. 3*1558 1. 3*155* 1. 3*1552 1. 350818 1 .360439 1 .369993 1. 380897 1 .39*360 
2. 00 1. 368570 1. 3796*7 1. 38797* 1. 387967 1. 387965 1. 398522 1 .409532 1 .*20*28 1. 432858 1 .4*8208 
2. 25 1. *11369 1. *23663 1. *32946 1. *329*0 1. 432938 1. 444767 1 .457203 1 .«69459 1. 483397 1 .500586 
2. 50 1. *52891 1. *66302 1. *76503 1. *76500 1. *76499 1. 489578 1 .50348* 1 .517126 1. 532560 1 .5515** 
2. 75 1. *93179 1- S076C6 1. 518680 1. 518683 1. 518682 1. 532988 1 .548411 1 .563*73 1. 580*00 1 .601138 
3. 00 1. 532278 1. 5*7622 1. 559522 1. 559531 1. 559529 1. 575043 1 .592030 1 .608552 1. 626979 1 .6*9**5 
3. 25 1. 570236 1. 586*07 1. 599083 1. 599091 1. 599090 1. 615792 1 .634391 1 .652*17 1. 672368 1 .696555 
3. 50 1. 607100 1. 62*021 1. 637 *2* 1. 637419 1. 637*20 1. 655293 1 .6755*9 1 .695129 1. 71664* 1 .7*2572 
0. 10 0.99*095 0.99*633 0.995C«9 0.995020 0.995022 
0.25 1.0267*9 1.028050 1.029086 1.029059 1.029060 
0.50 1.079706 1.082323 1.08**02 1.08*395 1.08*39* 
0.75 1.13103* 1.135035 1.138165 1.138173 1.138170 
1.00 1.180826 1. 1862*9 1.190*33 1. 190**6 1. 190**2 
1.25 1.229135 1.23596* 1.2*1215 1.2*1225 1.2*1221 
1.50 1.276002 1.28*2*8 1.290511 1.29051* 1.290512 
1.75 1.321*62 1.331050 1.338323 1.338319 1.338318 
2.00 1.36555* 1.376*07 1.38*661 1.38*652 1.384653 
2.25 1.*08316 1.*203*3 1.*295*« 1.*29535 1.*29536 
2.50 1.tt*9790 1.*62892 1.*73001 1.*72995 1.472998 
2.75 1.490019 1.50*097 1.515072 1.515071 1.51507* 
3.00 1.529049 1.5**008 1.555805 1.555809 1.555811 
3.25 1.566927 1.58268* 1.595256 1.595259 1.595262 
3 .  50 1.6037 0* 1.620 1 90 1.6334 93 1.63348* 1.633466 
0.995 5 4 9 0 .  996 1 27 0 .  996 707 0.99 7310 0 .  9 98061 
1.030375 1.031830 1-033273 1.03*785 1.036627 
1.C87030 1.089920 1.092775 1.095827 1.099526 
1.142135 1.1*6426 1.150663 1.155281 1.160893 
1.195739 1.201407 1.207008 1.213200 1.220763 
1.247845 1.254882 1.261836 1.269601 1.279127 
1.298453 1.306865 1.315171 1.324497 1.335973 
1.3*756* 1.357370 1.367033 1.377905 1.391302 
1.395187 1.406415 1.417452 1.429851 1.4*5126 
1.4*1342 1.454030 1.466*59 1.480370 1.497*75 
1.486058 1.500247 1.514097 1.529507 1.5*8395 
1.529372 1.545110 1.560*12 1.577318 1.5979*8 
1.571333 1.588667 1.605*58 1.623868 1.646211 
1.611996 1.63097* 1.64929* 1.669228 1.693276 
1.651427 1.672093 1.691983 1.713*78 1.7392*7 
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Table X2. Apparent molal volume in ml mole-* 
LaCl, PrCl, NdCl, NdCl- NdCl SnCl, GdCl- DyCl, ErCl, YbCl, (G) <H) ^ ^ ^ ^ 3 3 
t = S»C 
0.10 16.835 12.5X4 11.6U« 11.646 11.644 13.021 15.641 14.973 13.074 10.788 
0.25 18.785 14.754 13.773 13.715 13.715 14.946 17.390 16.825 15.048 12.967 
O.SO 21.366 17.435 16.387 16-315 16.316 17.331 19.710 19.304 17.562 15.541 
0.75 23.518 19.600 18.513 18.449 18-450 19.260 21-614 21.359 19.623 17.595 
1.00 25.391 2;.577 20.364 20.311 20.312 20,927 23-246 23.133 21.410 19.373 
1.^5 27.055 23.156 22.020 21.982 21.983 22.414 24.679 24.698 23.001 20.967 
1.50 28.550 24.682 23.541 23-505 23-506 23-769 25-960 26.101 24.441 22.423 
1.75 29.906 26.085 24-939 24-908 24-909 25-022 27-124 27-372 25.759 23.769 
2.00 31.141 27.381 26.239 26.210 26.210 26.194 28-194 28.538 26.975 25.023 
2.25 32.271 28.584 27.452 27.424 27.424 27-301 29-192 29-615 28-105 26-195 
2.50 33.309 29.703 28-589 28-561 28.561 28.354 30.132 30.620 29.160 27.296 
2.75 34.264 30.746 29.657 29.629 29.629 29.363 31.029 31.566 30.151 28.330 
3.00 35. 145 31.717 30.662 30.636 30.636 30-337 31-894 32.464 31.086 29.303 
3 .  25 35 .  959 3 2.6 2 3 31.6 0 9 31.58 6 31-586 31-28 3 32 .  737 33 - 322 31-97 1 30 - 2 1 9 
3.SO 36.713 33.465 32.502 32.484 32.484 32.205 33-566 34.149 32.811 31.081 
t = lO'C 
0.10 18.099 13,959 13.002 13.064 13.063 14.323 16-792 16-154 14.306 12.061 
0.25 19.996 16.086 15.065 15.061 15.060 16-201 18-502 17-961 16-227 14.180 
O.SO 22.466 18.634 17.564 17.530 17.530 18.484 20-722 20-332 18-628 16.636 
0.75 24.512 20.682 19.583 19.547 19-547 20-317 22-533 22-284 20-585 18-584 
1-00 26.289 22.457 21.339 21-306 21.306 21-900 24-084 23.969 22.281 20.269 
1.25 27.869 24,047 22,915 22.888 22.888 23.314 25.450 25.457 23.793 21.782 
1-50 29.290 25.495 24.356 24.335 24.335 24-607 26.676 26-793 25-165 23-169 
1.75 30,5 80 26.8 30 2 5-689 2 5 - 67 2 2 5-67 2 25-80 7 27 .  794 28 .  00 8 26-4 2 4 2 4-4 5 5 
2.00 31.758 28.066 26.930 26.916 26,916 26.933 28.826 29-123 27-588 25-655 
2.25 32.838 29.217 28.092 28.080 28-080 27-999 29-791 30.158 28-672 26-781 
2.50 33.832 30.291 29.184 29.174 29-174 29.018 30-704 31-125 29-686 27-839 
2.75 34.749 31,294 30.214 30.204 30.204 29.997 31.576 32,036 30.640 28.832 
3.00 35.597 32,232 31.186 31.176 31.176 30.944 32.419 32.901 31.539 29.772 
3.25 36.381 33,107 32.105 32.096 32.096 31,865 33.241 33,729 32.391 30.654 
3.50 37. 109 33.924 32.975 32-967 32-967 32.764 34.049 34,527 33.199 31.482 
t = 150c 
0.10 19.074 15,034 14.054 14. 145 14. 145 15.309 17-633 17.023 15-219 13-009 
0.25 20.935 17.108 16.076 16-097 16-097 17-162 19-326 18.805 17-109 15.092 
0.50 23.324 19.563 18.491 18.476 18.477 19.377 21.483 21.102 19.433 17-468 
0-75 25.290 21.526 20.431 20.408 20.408 21.143 23,229 22-981 21.315 19.339 
1-00 26,995 23.226 22.115 22.093 22.093 22.666 24.724 24,600 22.944 20-956 
1.25 28.509 24.749 23.627 23.609 23.609 24.030 26.044 26.032 ' 24.399 22.410 
1-50 29.874 26.139 25.012 24.S98 24.998 25,278 27-231 27.319 25.721 23-746 
1.75 31.113 27.422 26.294 26.285 26.285 26.440 28.317 28.493 26.936 24-987 
2.00 32.247 28,614 27,492 27.486 27.486 27.534 29.324 29.573 28.062 26.148 
^.25 33.288 29.726 28.616 28-613 28.613 28.573 30.268 30.575 29.112 27-239 
2.50 34,247 30.766 ' '9.675 29.674 29-674 29-568 31-162 31-514 30.096 28.265 
2.75 35.134 31.739 30.676 30.675 30.675 30.526 32.019 32.400 31.021 29.232 
3.00 35.955 32.651 31.624 31.622 31-622 31.453 32.846 33.241 31.893 30.141 
3.25 36.717 33.505 32.522 32.520 32.520 32.356 33.653 34.045 32.718 30.996 
3-50 37.424 34.304 33.374 33.371 33.371 33.239 34.445 34.819 33.500 31-797 
t = 200c 
S:;? Jl-lll ism !3;«; ;i;»s 
: l II: 12 IS:!:: I!:;;? 
1 . 0 0  27.530 23.814 22.716 22-699 22.700 23.255 2 5 . 1 9 4  25.056 23.429 21.463 
; :2|; 
2.25 33.632 30.126 29.037 29.037 29.037 29.038 30,637 30-884 29-441 27-585 
II jj:js iîiiïs Bj: liiH; i-iHi H:i 
.Is? ii-x ii-Mi 
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Table A2. (Continued) 
m LaCl, PrCl, NdCl, NdCl, NdCl, SmCl, GdCl, DyCl, BrCl, YbCl, 
^ ^ (G)3 (B)3 3  ^
t = 250C 
0.  10 20.292 16.377 15.  391 15.506 15.504 16.525 18.576 18.004 16.279 14.124 
0.  25 22.128 18.410 17.  393 17.428 17.428 18.380 20.291 19.792 18.160 16.197 
0.  50 24.428 20.768 19.  722 19.716 19.716 20.533 22-395 22.019 20.408 18.493 
0.  75 26.298 22.635 21.  568 21.553 21.554 22.230 24.077 23.817 22.207 20.277 
1. 00 27.914 24.245 23.  165 23.150 23.151 23.691 25.516 25.361 23.761 21.815 
1.  25 29.347 25.688 24.  599 24.589 24.589 25.001 26.789 26.728 25.149 23.201 
1.  50 30.638 27.007 25.  916 25.909 25.910 26.205 27.9*0 27.961 26.414 24.478 
1.  75 31.814 28.228 27.  139 27.136 27.136 27.330 28.999 29.088 27.579 25.667 
2.  00 32.890 29.365 28.  285 28.285 28.285 28.393 29.984 30.128 28-661 26.783 
2.  25 33.882 30.430 29.  365 29.367 29.367 29.406 30.911 31.096 29.671 27.832 
2.  50 34.798 31.430 30.  387 30.389 30.389 30.378 31.792 32.003 30.618 28.821 
75 35.647 32.369 31.  356 31.358 31.358 31.316 32.635 32.859 31.508 29.751 
J.  00 36.435 33.253 32.  276 32.277 32.277 32.225 33.450 33.671 32.346 30.625 
J.  25 37.167 34.0Ë3 33.  151 33.152 33.152 33.110 34.242 34.445 33.135 31.443 
J.  50 37.849 34.863 33.  984 33.983 33.  983 33.973 35.017 35.188 33.881 32.206 
t  = 30»C 
0.  , 10 20.594 16.725 15.737 15.866 15.863 16.828 18.754 18.189 16.499 14.368 
0.  -•5 22.438 18.763 17.  756 17.795 17.795 18.703 20.498 20.001 18.396 16.456 
0.  50 24.723 21.  106 20.  075 20.070 20.071 20.855 22.604 22.223 20.637 18.745 
0.  75 26.571 22.952 21.  902 21.888 21.889 22.542 24.278 24.005 22.420 20.511 1. 00 28.164 24.541 23.  479 23.465 23.466 23.993 25.709 25.534 23.958 22.033 
1.  25 29.576 25.965 24.  895 24.985 24.886 25.  296 26.978 26.888 25.332 23.403 
1.  50 30.848 27.266 26.  195 26.190 26.  190 26.495 28.127 28.110 26.585 24.667 
1.  75 32.007 28.472 27.  405 27.403 27.403 27.616 29.185 29.228 27.739 25.845 
2.  00 33.069 29.596 28.  540 28.540 28.540 28.677 30.172 30.260 28.612 26.951 
2.  25 34.047 30.651 29.  611 29.612 29.612 29.688 31.  101 31.222 29.814 27.992 
2.  50 34.952 31.642 30.  625 30.627 30.627 30.660 31.984 32.124 30.752 28.972 
2.  75 35.792 32.575 31.  589 31.590 31.590 31.597 32.829 32.973 31.634 29.893 
3.  00 36.572 33.454 32.  505 32.505 32.505 32.505 33.644 33.779 32.462 30.757 
3.  25 37.298 34.261 33.  377 33.376 33.376 33.387 34.435 34.546 33.242 31.564 
3.  50 37.974 35.060 34.  207 34.206 34.206 34.247 35.206 35.279 33.975 32.314 
t  = 35»C 
0.10 :o.721 16.897 15.90tt  16.051 16.0*7 16.964 18.773 18.207 16.550 lU.t t iH 
0.25 22.587 18.95# 17.954 18.001 18.000 18.871 20.555 20.054 18.475 16.560 
0.50 24.873 21.299 20.282 20.279 20.279 21.036 22.677 22.286 20.723 18.853 
0.75 26.713 23.138 22.104 22.091 22-091 22.726 24.356 24.066 22.503 20.615 
1.00 28.295 24.718 23.674 23.661 23.661 24.179 25.790 25.591 24.037 22.131 
1.25 29.696 26.133 25.082 25.073 25.074 25.484 27.063 26.941 25.407 23.496 
1.50 30.959 27.427 26.376 26.372 26.372 26.686 28.218 28.161 26.656 24.755 
1.75 32.109 28.626 27.581 27.580 27.580 27.812 29.284 29.278 27.808 25.930 
2.00 33.164 29.746 28.713 28.714 28.714 28.878 30.278 30.310 28.878 27.034 
2.25 34.137 30.796 29.782 29.784 29.784 29.895 31.215 31.272 29.877 28.072 
2.50 35.037 31.766 30.796 30.797 30.797 30.871 32.105 32,173 30.813 29.048 
ts; 3%;% 
33:3%; 
t  = 40»C 
Ë ii ill iii jli 11 ii || ii || jg 
iiiiiïiiiii 
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Table 12.  (Continued) 
LaCl, PrCli NdCl, (G)3 NdCl, (8)3 NdCl, SnCl, GdCl, DyCl, Ercl ,  YbCl, 
t = asoc 
0.10 20.  530 16.791 15.778 15.  976 15.974 16.810 18.403 17.816 16.218 14.148 
0.25 22.  469 18.922 17.928 17.  999 17.997 18.806 20.286 19.760 18.228 16.353 
0.50 24.  800 21.314 20.319 20- 325 20.323 21.034 22.475 22.051 20.530 18.699 
0.75 26.  656 23.172 22.168 22.  159 22-157 22.762 24.193 23.859 22.336 20.485 
1.00 28.  247 24.765 23.754 23.  743 23.742 24.246 25.660 25.403 23.888 22.017 
1.25 29.  653 26.189 25.  176 25.  168 25.  168 25.581 26.965 26.771 25.274 23.397 
1.50 30.  920 27.492 26.482 26- 479 26.478 26.812 28.153 28.008 26.537 24.670 
1.75 32.  075 28.701 27.700 27.  700 27-700 27.  967 29.250 29.142 27.703 25.857 
2.00 33- 135 29.831 28.846 28.  847 28.847 29.061 30.276 30.191 28.785 26.972 
2.25 34.  115 30.894 29.930 29- 932 29.932 30.104 31.243 31.168 29.796 28.020 
2.50 35.  022 31.897 30.960 30.  961 30.961 31.104 32.160 32.083 30.740 29.005 
2.75 35.  866 32.844 31.940 31.  940 31.940 32.066 33.034 32.943 31.624 29.928 
3.00 36.  652 33.739 32.873 32.  872 32.872 32.994 33.871 33.753 32.451 30.790 
3.25 37.  385 34.585 33.762 33.  761 33.761 33.889 34.676 34.520 33.224 31.589 
3.50 38.  069 35.384 34.609 34.  608 34.608 34.755 35.452 35.246 33.945 32-325 


















































































































































































































































15-392 16.163 17.563 16-939 15.390 13.352 
17.  526 18.282 19.  574 19-010 17.516 15.676 
19.945 20.616 21.  .871 21-402 19.915 18.119 
21.  839 22.418 23.  663 23.273 21.784 19.966 
23.  472 23.964 25.  193 24.868 23.384 21.546 
24.  941 25.357 26.  556 26.281 24.812 22.966 
26.  292 26.643 27.  798 27.559 26.114 24.276 
27.  552 27.848 28.  948 28.731 27.314 25.498 
28.  737 28.990 30.  023 29.816 28.428 26.644 
29.  858 30.077 31.  034 30.826 29.467 27.721 
30.  921 31.116 31.  992 31.770 30.437 28.730 
31.  9 33 32.112 32.  901 32.655 31.342 29.674 
32.  896 33.068 33.  767 33.487 32.186 30.552 
33.  814 33.986.  34.  593 34.269 32.971 31.363 








































































































































































Table Â2. (Continued) 
LaCl, PrCl,  NdCl-(G)3 NdCl,  (H)j NdCl,  SnCl, GdCl,  DyCl,  ErCl, YbCl,  
t  = 65=C 
0.10 18.  713 15.085 14.  073 14.347 14.353 15.076 16.296 15.633 14.120 
0.25 20.  893 17,499 16.  533 16.637 16.6*1 17.352 18.467 17.859 16.393 
0.50 23.  4*1 20.130 19.  181 19.197 19.200 19.834 20.913 20.390 18.928 
0.7S 2 5 .  439 22.1*0 21.  19* 21.188 21.189 21.7*2 22.809 22.356 20.890 
1.00 27.  1*0 23,853 22.  909 22.900 22.901 23.379 24.428 24.027 22.566 
1.25 28.  6*1 25,382 24.  444 24.438 2* .*39 24.853 25.871 25.507 24.060 
1.50 29.  993 26,783 25.  855 25,853 25.85* 26.213 27.188 26.847 25.420 
1.75 31.  226 28.085 27.  172 27.174 27.174 27.488 28.407 28.076 26.673 
2.00 32.  361 29.305 28.  413 28.416 28.416 28.694 29-545 29.213 27.836 
2.25 33.  «11 30.*5*  29.  587 29.590 29.591 29.839 30.615 30.271 28.919 
2.50 3* .  387 31.5*0 30.  702 30.704 30.705 30.930 31.624 31.258 29.928 
2.75 35.  297 32.567 31.  763 31.763 31.764 31.971 32.579 32.182 30.868 
3.00 36.  1*7 33,538 32.  770 32.770 32.770 32.965 33.483 33.0*6 31.741 
3.25 36.  9*2 3* ,*55 33.  727 33.727 33.727 33.913 34.340 33.855 32.550 
















t  = 70»C 
0.  . 10 17,  997 1* ,38* 13.  390 13.668 13.672 14.378 15.509 14.827 13.330 11.332 
c.  .2b 20,  2 59 16,896 15,  9*7 16.0*9 16-055 16.745 17.775 17.143 15.688 13.893 
0.  00 22,  885 19.615 18.  683 18.696 18.701 19.317 20.310 19.758 18.305 16.55* 
c.  75 :*,  939 21.685 20.  756 20.7*7 20-751 21.291 22.271 21.782 20.325 18.552 
1.  00 26.  685 23,*46 22.  520 22.509 22.512 22.982 23.944 23.501 22.048 20.252 
1.  25 28,  22* 25,018 2* .  098 24,092 24.09* 24.505 25.435 25.023 23.583 21.778 
1.  • j l )  29,  611 26.use 25.  550 25,5*9 25.550 25.910 26.795 26.401 24.979 23.182 
1.  75 30.  876 27.796 26.  905 26,907 26.908 27.226 28.054 27.66* 26.266 24-490 
2.  00 32.  0*0 29,051 28,  181 28,18* 28-185 28.468 29.229 28.833 27.459 25-715 
25 33.  119 30,233 29.  389 29,391 29.392 29.647 30.332 29.920 28.569 26-862 
2.  50 3* .  122 31.3*9 30,  535 30-536 30.537 30.768 31.371 30.934 29.602 27-936 
7b 35.  057 32.40* 31.  623 31-622 31.623 31.835 32.352 31.881 30.56* 28-937 
3.  00 35,  932 33.*02 32.  656 32-65* 32.655 32.851 33.279 32.766 31.*56 29-865 
3.  25 36,  750 3* ,3*3 33.  635 33-634 33.634 33.817 34.  154 33.592 32.282 30.718 
J.  50 37,  516 35.229 3* .  562 34-563 34.563 34.733 34.980 34.363 33.0*2 31.49* 
t  = 750c 
0.10 17.  179 13.  58* 12.  610 12.893 12.891 13.583 14.625 13.923 12.441 10.459 
0.25 19.  53* 16.  206 15.  27* 15.375 15.378 16.052 16.997 16.338 14.893 13.113 
0.50 22.  251 19,  0 24 18.  107 18.117 18.123 18.724 19.632 19.0*7 17.602 15.865 
0.75 2* .  369 21,  161 20.  2*8 20.237 20.242 20.769 21.664 21.137 19.687 17.927 
1.00 26.  165 22.  9 77 22.  067 22.056 22.059 22.  522 23.395 22.909 21.463 19.681 
1,25 27.  7*9 24,  597 23.  696 23.689 23.691 24.099 24.939 24,478 23.043 21.252 
1,50 29.  175 26,  081 25.  193 25.191 25.193 25.553 26.347 25,898 24.481 22.697 
1,75 30.  *76 27.  *61 26.  590 26.591 26.593 26.913 27.649 27.200 25.804 24.0*1 
2,00 31.  675 28.  7 5*  27.  905 27.908 27.909 26.195 28.864 28.405 27.031 25.299 
2.25 32.  786 29.  972 29.  150 29.152 29.152 29.410 30.004 29.524 28.171 26.*78 
2,50 33.  819 31.  122 30.  329 30.330 30.331 30.563 31.075 30.567 29.233 27.580 
2.75 34,  783 32.  2C9 31.  **8 31 . *47 31.448 31.659 32.08* 31.540 30.219 28.606 
3.00 35.  685 33.  235 32.  509 32.507 32.507 32.698 33.035 32.448 31.133 29.556 
3.25 36.  529 34.  202 33.  512 33.511 33.511 33.683 33.930 33.294 31.978 30.429 








































































































































































Table Ai. Partial nolal volume of the solute in ml mole-* 
















ia .  33 
21.69 




















































































































































t = 100c 
0. JO 19.58 15.73 14.71 1«.69 
o.^s 22.79 1-J.07 17.98 17.91 
0. 50 26.90 23. 11 21.97 21.91 
0.75 30. 20 26.36 25.19 25-16 
1.00 32.97 29. 15 27.96 27.95 
1. 25 35.34 31.61 30.43 30.«3 
1. SO 37.«0 33.82 32.66 32.66 
1.75 39.20 35.81 3«.68 34.69 
2. CO «0.77 37.60 36.53 36.54 
2.25 «2. 16 39.22 38.23 38.23 
2.50 «3. 17 «0.67 39.78 39.78 
2.75 ««.«« «1.96 «1.21 «1.21 
3.00 «5. 38 «3.10 42.53 «2.52 
3.25 «6.20 ««. 10 «3.73 43.72 
1.50 «6.91 44.96 ««.82 ««.83 
0. 10 20.5« 16.78 15.7U 15.75 
0.25 23.66 20.CO 18.91 18-86 
0.50 27.60 23.86 22.73 22-68 
0.75 30.75 26.96 25.81 25.78 
1.00 33.«0 29.63 28.47 28.46 
1.25 35.68 32.01 30. 8« 30.85 
1.50 37.66 34. 1« 32.99 33.01 
1.75 39.«0 36.07 34.96 34.93 
2.00 «0.93 37.82 36.77 36-78 
2.25 «2.28 39.40 38.43 38-44 
2.50 «3.«7 «0.82 39.97 39-98 
2.75 ««.52 42. 10 4 1.39 «1-39 
3.00 «5.«« 43.2« «2.69 «2.68 
3.25 «6.25 ««. 2« «3.89 «3.88 







1.  50 
1.7 ' ,  








2«.  31 
28.12 








































































































15.86 18.11 17.5« 15.85 13.87 
18-86 21.03 20.6« 18.99 17. 10 
22.50 24.68 24.58 22.89 20.91 
25.38 27.53 27.69 26.01 23.97 
27.86 29.88 30.28 28.66 26.6 3 
30.05 31.90 32.49 30.98 29.01 
32-06 33.68 3«.«2 33.03 31.17 
33.93 35.29 36.1« 3«.89 33. 14 
35.69 36.79 37.70 36.57 34.95 
37-37 38.22 39.1« 38.10 36.60 
38-99 39.61 «0.50 39.51 38. 10 
«0-58 «0.99 «1.79 «0.82 39.«6 
42. 14 42.39 «3.04 «2.03 «0.68 
43.69 43.82 ««.28 «3.17 «1.77 
45.23 45.30 «5.51 «4.23 42.72 
16.85 18.96 18.«2 16.76 14.81 
19.76 21.80 21.«2 19.80 17.93 
23.25 25.31 25.20 23.54 21.58 
26.02 28.04 28.18 26.53 24.50 
28.40 30.32 30.67 29.08 27.06 
30.53 32.28 32.80 31.31 29.36 
32-49 34.03 34.68 33.31 31.46 
34-32 35.62 36.36 35.11 33. 38 
36-05 37. 10 37.88 36.75 35.15 
37-71 38.52 39.30 38.25 36.76 
39-32 39.90 40.62 39.63 38.22 
40-89 41.26 41.88 «0.90 39.55 
42.43 42.6» 43.10 «2.07 «0.72 
43-95 44.03 44.29 «3.15 «1.76 































































2 2 . 0 8  
2U.91 










«2.  58 
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Table A3. (Continued) 
m LaClj PrClj NdCl, (G)3 NdCl, (H)3 NdCl] SmClg GdClg DyClj ErClj YbClg 
t  = 250c 
0.10 21.77 18. 11 17.09 17.11 17.11 18.10 19.97 19.00 17.80 15.95 
0.25 20.77 21.21 20.15 20.11 20. 11 20.90 22.70 22.37 20.80 18.93 
C.50 28.51 20.86 23.77 23.73 23.73 20.27 26.09 25.95 20.35 22.0 3 
0.75 31.08 27.79 26.67 26.65 26.65 26.91 28.71 28.78 27.18 25.19 
1.00 33.98 30. 31 29.19 29.19 29.19 29.19 30.90 31.15 29.6 1 27.62 
1.2^ 36.13 32. 57 31.05 31.06 31.06 31.26 32.82 33,20 31.76 29.83 
l.SO 38.02 30. 61 33.51 33.53 33.53 33.17 30.55 35.02 33.68 31.86 
1.7' '> 39.68 36. «7 35.02 35.«« 35.00 30.97 36.13 36.65 35.03 33.72 
/.OO «1.15 38. 16 37. 18 37.20 37.19 36.68 37.62 38.10 37.02 35.00 
:.<s «2. «5 39.71 38.81 38.82 38.82 38.33 39.03 39.52 38.07 37.00 
J.so «3.61 «1. 12 00.33 «0.3« «0,30 39,92 00,00 00.80 39.79 38.01 
. .7S ««.6« «2. 39 «1.711 «1.7« *1,7« 01,07 01,70 02.02 01.00 39.67 
i.OO «5.55 03. 53 03.OU «3.03 «3.03 02,98 03.08 03.18 «2.10 00.77 
«6.35 00.55 00.25 00.23 «0.23 00.07 00,02 00.29 03.11 01.72 
4.50 07.06 05. 00 05.35 05.30 05.30 05,93 05.77 05.38 00.01 «2.50 
t  = 30®C 
C. 10 22.09 18.07 17.«7 17.«9 17.09 18.03 20.19 19.66 18.09 16.22 
25.08 21.56 20.52 20.08 20.08 21.27 22.96 22.58 21.00 19.20 
0.50 28.76 25. 16 20-09 20.05 20.05 20.57 26.29 26.13 20.55 22.65 
0.75 31.68 28.00 26.90 26.92 26.92 27.19 28.88 28.92 27.30 25.37 
1.00 30. 1« 30. 53 29-02 29.02 29.02 29.06 31.07 31.26 29.75 27.78 
1.25 36.26 32.75 31 .66 31.67 31.67 31.52 32.99 33.30 31.87 29.96 
1.50 38. 12 30.77 33.70 33.72 33.72 33.03 30.73 35.11 33.79 31.98 
1.75 39.76 36.61 35.60 35.61 35.61 35.20 36.32 36.70 35.52 33.83 
2.00 «1.22 38.30 37.35 37.37 37.37 36.95 37.82 38.22 37.10 35.53 
2.25 «2.51 39.85 38-99 38.99 38.99 38.60 39.20 39.59 38.53 37.OP 
2.50 «3.66 01. 25 00.51 00 .51 00.51 00 .19 00.61 00.87 39.80 38.07 
1.7F «0.69 «2.53 «1 .92 01.91 «1.91 01.70 01.95 02.07 01.03 39.71 
3.CO «5.60 «3. 69 03.23 03.22 «3.22 03.20 03.27 03.20 02.11 «0.78 
3.25 «6.«0 00.72 00.011 00.03 00.03 00.71 00-58 00.28 03.07 01.69 
3.SO 07. 12 05. 62 «5.50 «5.50 05.50 06. 10 05.89 05.33 03.93 «2.02 
t  = 350c 
0. 10 
U.bO 





























2 8 . 2 0  
30. 67 
32. 88 
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0 7 . 2 0  
18.72 
2 1 . 8 0  
25. 03 






































































































































T.iblc A3. (Continued) 
LaClj PrCl] NdCl,  (G) NdCl,  (hH NdCl,  SoCl,  GdCl,  DyCl,  EtCl ,  YbCl,  








2 . 0 0  
J.25 
^.50 
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«« .86  
«5.81 


















21.  67 
25.32 
2 8 . 2 1  
30.71 
32.96 





«3.  12 
««.  35 
«5.  «6 
«6.  «5 
17.66 
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27.  17 
29.70 
31.99 


































«1 .11  
«2.66 
««.  13 
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0.  10 21.55 18.  14 17.  16 17.24 17.  2« 18.03 19.29 18.70 17.23 15.«6 
C.25 24.74 21.44 20.«8 20.43 20.43 21.12 22.33 21.86 20.40 18.70 
0.50 28.51 25.  15 24.  18 24.12 2«.  11 24.60 25.83 25.53 24.04 22.23 
0.  J b  31.46 28.08 27.09 27.06 27.06 27.37 28.58 28.41 26.92 25.03 
1.00 33.95 30.62 29.64 29.63 29.63 29.80 30.94 30.84 29.40 27.50 
1.25 36.10 32.90 31.95 31.96 31.96 32.02 33.04 32.98 31.61 29.77 
1.50 38.01 34.  99 34.08 34.10 3«.  11 34.10 34.95 3«.89 33.60 31.85 
1.75 39.70 36.92 36.08 36.09 36.09 36.05 36.72 36.61 35.40 33.78 
2.00 «1.22 38.71 37.94 37.95 37.95 37.89 38.36 33.18 37.03 35.53 
2.2s «2.58 40.  36 39.68 39.68 39.68 39.64 39.88 39.61 38.50 37.11 
2.50 43.80 4 1.88 41.30 41.29 «1.29 41.29 41.31 «0.91 39.81 38.50 
2.75 «4.89 43.26 42.80 42.79 42.79 42.84 42.66 «2.09 40.96 39.70 
3 . 0 0  «5.87 44.52 U«.  19 ««.18 44.18 44.31 43.92 «3.16 41.96 40.69 
3.25 «6.74 45.66 45.46 «5.«6 45.45 45.68 «5.10 «4.14 «2.80 «1.«7 
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41.99 
43.41 


























































































































«1 .«1  
«1.95 
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Table A]. (Continued) 
LaCl, PrCl,  NdCl, (G)^ NdCl, (H)-^ NdCl, SmCl, GdCl, DyCl, 
Erci ,  YbCl, 
t  = b5»C 
0. 10 




































































































































































t  = 70OC 
0. 10 19.91 16.61 15.68 15.75 15.76 16.48 17.48 16.83 15.39 13.67 
0.25 23.38 20.23 19.32 19.25 19.26 19.89 20.84 20.29 18.86 17.21 
0.50 27.42 2«.22 23.30 23.23 23.23 23.69 24.65 24.24 22.78 21.01 
0.75 30.57 27. 3« 26.42 26.39 26.39 26.71 27.65 27.32 25.86 2«.01 
1.00 33.21 30.06 29.15 29.15 29.15 29.36 30.23 29.94 28.52 26.66 
1.25 15.51 32.51 31.64 31.66 31.66 31.79 32.53 32.2« 30.8H 29.07 
1.=0 37. 5« 3«.77 33.<)5 33.97 33.97 34.05 34.63 3«.30 33.01 31.30 
1.75 39. 36 36.85 36. 10 36.11 36.11 36.16 36.56 36.16 34.93 33. 3« 
2.00 «1.00 38.78 38.10 38.11 38.11 38. 1« 38.33 37.84 36.66 35.20 
2.2S «2.«7 «0.57 39.97 39.97 39.97 39.99 39.96 • 39.36 38.21 36.86 
50 «3.80 «2.20 «1.70 «l. t>9 «1.69 41.70 41.«6 «0.73 39.57 38.31 
2.75 «5. 00 43.69 43.29 «3.27 43.27 43.29 «2.8« 41.95 «0.76 39.55 
3. OU «6.08 «5. CJ ««.73 ««.72 ««.72 44.74 44.08 «3.03 «1.76 «0.55 
3.25 «7.0« «6.22 «6.02 «6.3« 46.03 46.05 «5.21 «3.97 «2.59 «1.31 
3.50 «7.89 «7.26 «7.16 47.22 47.21 47.22 46.21 44.78 «3.23 «1.82 






































































































































































t  = 80*0 
0. 10 18. 3b 15. 15 1«.2« 14.31 1«. i1 15.00 15.83 15.12 13.71 12.01 Û.2S 22. 10 19.0« 18.15 18.08 18.09 18.69 19.48 18.86 17.U3 15.81 
0.50 26. 3<J 23.z9 22.«0 22.32 22-33 22.77 23.56 23.06 21.61 19.86 
0.75 29.71 26.61 25.72 25.69 25.69 26.01 26.76 26.33 2tt .88 23.05 
i .on 32.51 29.50 28.63 28.63 28.63 28.86 29.53 29.11 27.70 25.86 
1.2' '> j«.9« 32. 11 31.28 31.30 31.30 31.«6 32.00 31.56 30.20 28. «1 
1. 50 37. 10 ?«. 51 33.74 33.76 33.76 33.87 3«.25 33.75 32.<l« 30.76 
1.75 39.0« 36.73 36.02 36.04 36.04 36.10 36.30 35.72 3«.«7 32.<Ï1 
2.00 «0.78 38.78 38.15 38.15 38.15 38.18 38.19 37.51 36.29 3«.86 
2.25 «2.36 «0.67 40. 11 «0.11 «0.11 «0.11 39.90 39.11 37.92 36.60 
2.50 «3.78 42.39 41.92 41.91 «1.91 «1.88 «1.«6 «0.54 39.30 38.12 
^.75 «5.07 43.95 «3.57 «3.55 «3.55 «3.«9 «2.86 «1.80 «0.57 39.«1 
3.00 «6.23 «5.3« 45.04 «5.03 «5.03 ««.9 3 4«. 11 «2.90 «1.60 «0.45 
3.25 «7.26 «6.56 46.34 «6.36 «6.36 «6.20 «5.19 «3.8« «2.«« 41.23 
3.50 «8. 18 «7.60 47.46 47.52 47.52 47.30 «6.12 «4.62 «3.07 «1.74 
293 
Table At.  Part ial  aolal volume of the sclrent in ml Bole~' 
m LaCl, PrCl,  NdCl, NdCl, NdCl, SmCl, GdCl, DyCl, ErCl,  YbCl, (G)3 (H)3 3 3 3 3 3 3 
t  = SOC 
0.10 18.013 18.012 18.012 18.013 18.013 18.013 16.013 18.013 18.013 18.012 
0.25 18.002 18.001 18.002 18.002 18.002 18.003 18.0CU 18.003 18.003 18.002 
C.50 17.974 17. 973 17.97» 17.97* 17.97* 17.978 17.978 17.975 17.975 17.975 
0.75 17.935 17.93* 17.936 17.935 17.935 17.9*3 17.9*5 17.939 17.938 17.939 
1.00 17.889 17.888 17.890 17.889 17.889 17.903 17.906 17.896 17.895 17,895 
1.25 17.838 17.836 17.837 17.836 17.836 17.856 17.863 17.8»9 17.8*6 17.8** 
1.50 17.785 17.779 17.780 17.779 17.779 17.805 17,818 17.799 17.793 17.789 
1.75 17.730 17.718 17.718 17.718 17.718 17.7*9 17.770 17-7*7 17,737 17,729 
2.00 17-675 17-656 17-65* 17.65* 17.65* 17.688 17.718 17.693 17.678 17.666 
2.25 17.621 17.592 17.587 17.587 17.587 17.622 17.663 17.636 17.618 17.601 
2.50 17.567 17.529 17.520 17.519 17.519 17.552 17.603 17.577 17.555 17.535 
2.75 17.516 17.*67 17,*51 17.*51 17.*51 17,*76 17.536 17.51* 17.*92 17.*69 
3.00 17.*67 17.*07 17.383 17.382 17.382 17.39* 17.*63 17.*«7 17.*26 17.*03 
3.25 17.*20 17.351 17.316 17.313 17.313 17.305 17.380 17,375 17.360 17.339 
3.50 17.376 17.299 17.250 17.2** 17.2** 17.210 17.287 17.297 17.291 17.278 
t  -  10®C 
0. 10 18.018 18. 017 18. ,017 18.017 18.017 18.018 18.018 18.018 18.018 18.017 
0. 25 18.008 18. 007 18. 007 18.007 18.007 18.008 18.009 18.008 16.008 18.007 
0. 50 17.980 17. 980 17, 981 17.981 17.981 17.98* 17.985 17.982 17.982 17.982 
0. 75 17.9*3 17. 944 17. 945 17.9*5 17.9*5 17.952 17.953 17.947 17.9*7 17.948 
1. 00 17.900 17. 900 17. 901 17.901 17.901 17.913 17.916 17.907 17.905 17.906 
1. 25 17.852 17. 8 50 17. 851 17.850 17.850 17.869 17.875 17.862 17.859 17.858 
1. 50 17.801 17. 795 17. 796 17.795 17.795 17.819 17.831 17.81* 17.808 17.804 
1. 75 17.749 17. 7 37 17. 737 17.736 17.730 17.764 17.78* 17.76* 17.75* 17.746 
2. 00 17.(.95 17. t>77 17. 674 17.67* 17.67* 17.705 17.733 17.711 17.697 17.685 
2 .  25 17.6*3 17. 615 17. 610 17.609 17.609 17.6*1 17.679 17.656 17.638 17.622 
2. 50 17.591 17. 553 17. 5*3 17.5*3 17.5*3 17.571 17.619 17.598 17,578 17.558 
2. 75 17.540 17. *92 17. *75 17.*75 17.*75 17,*96 17.55* 17.537 17,516 17.494 
3. 00 17.492 17. *33 17. *07 17.*07 17.407 17.*15 17.*82 17.*72 17.*53 17.431 
3. 2S 17.446 17. 377 17. 3*0 17.339 17.339 17.328 17.*01 17.*03 17.389 17.370 
3. 50 17.402 17. 324 17. 273 17.272 17. 272 17.23* 17.311 17.328 17.325 17.312 
t  = 150C 
0. 10 18.028 18.023 18.028 18.028 18.028 18.028 18.029 18.029 18.028 18.028 
0.25 18.019 18.018 18.018 18.019 18.019 18.019 18.020 18.019 18.019 18.018 
0.50 17.993 17.992 17.993 17.993 17.993 17.996 17.997 17.99* 17.99* 17.99* 
0.75 17.957 17.958 17.958 17.959 17.959 17,965 17.966 17.951 17,961 17.961 
1.00 17.916 17.916 17.917 17.916 17,916 17.928 17.930 17.922 17.921 17.921 
1.25 17.670 17.868 17.869 17.868 17.868 17.885 17.891 17.879 17.875 17.875 
1.50 17.821 17.815 17.315 17.815 17.815 17.836 17.8*7 17.832 17.826 17.823 
1.75 17.770 17.759 17.758 17.757 17.757 17.783 17.801 17.783 17.773 17.766 
2.00 17.718 17.700 17.697 17.696 17.696 17.72* 17.751 17.732 17.718 17.707 
2.^5 17.667 17.639 17.633 17.633 17.633 17.661 17.697 17.678 17.661 17.6*5 
J-29 JZ-SI! 1Z.S33 " .*33 17.433 17.*38 17.502 17.*98 17.*81 17.*59 
3.25 17.473 17.*03 17.365 17.366 17.366 17.352 17.*23 17.*31 17.*20 17,*01 
3.50 17.430 17.350 17.295 17.300 17.300 17.260 17.336 17.359 17.359 17.347 
t  = 20OC 
0.10 18.0*5 18.0** 18.04* 18.0** 18.0*4 18.04* 18.0*5 18.0*5 18.0*4 18.04* 
0.25 18.035 18.035 18.035 18.035 18.035 18.036 18.036 18.036 18.035 18.035 
2^^  ;%%% 
,:25 
i i i i i i i i i i i  
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Table A4. (Continued) 
LaCl, PrCl,  KdCl, (G)3 NdCl, NdCl, SmCl, GdCl, DyCl, ErCl,  YbCl, 
















































































17.  960 
17.914 
17.  862 
17.807 




































































































































































































































































































































































































































































































































































































Tabltt AU. (Continued) 
LaCl, PrCl,  NdCl, 
(G) 3 NdCl, NdCl, SnCl, GdCl, Dyci, ErCl, ïbCl, 





































































































































































t  = 50®C 
0. 10 18.230 18.229 18. 229 18.230 18,230 18.230 18.230 18,230 18,230 18.229 
0.25 18.220 18.220 18. 220 18.220 18.220 18.221 18.221 18,220 18,220 18.220 
0.50 1H. 196 18.195 18. 195 18.196 18. 196 18.198 18.198 18.196 18.197 18.197 
0.7-. 18. 163 18.163 18. 163 18. 16» 18. 16» 18.168 18.168 18.165 18.165 18.166 
1.U0 18.125 18.12» 18. 12» 18.12» 18,12» 18, 130 18.132 18.127 18.126 18.127 
1.25 18.082 18.078 18. 078 18,078 18,078 18.086 18.090 18.085 18.082 18.082 
1.^.0 18.035 18.027 18. 026 18,026 18,025 18.036 18.0»» 18.039 18.03» 18.031 
1.7' .  17.987 17. 972 17. 969 17,968 17.968 17,980 17.99» 17.989 17.982 17.976 
2. 00 17. 936 17.913 17- 907 17.907 17-907 17.919 17-9»0 17.937 17.928 17.918 
2.2' '> 17.385 17.851 17, 8*2 17.8»2 17.8»2 17,85» 17,883 17.883 17.872 17.858 
2.50 17.83* 17.788 17. 77» 17.77» 17.77* 17,78» 17.822 17.828 17.817 17.799 
2.75 17.78» 17.72» 17. 70» 17,705 17.705 17.711 17,759 17.773 17.763 17,7*3 
3.00 17.73* 17.660 17. 633 17.63» 17.63» 17,635 17.693 17.717 17.711 17.691 
3.25 17.686 17.597 17- 563 17,563 17.563 17,556 17.626 17.661 17.662 17,6*6 














































































































































































































































































































































Table AU. (Continued) 
LaClj  PrCl j  NdCl,  (0)3 NdCl, (H)j NdCl,  SBCI,  GdCl, OyCl,  ErCl ,  YbCl,  
650C 
0. 10 18.369 18. 3 68 18. 368 18.368 18.368 18,368 18-369 18.369 18-368 18.368 
0. 25 18.358 18. 358 18. 357 18.358 18.358 18.358 18-359 18-358 18.358 18.358 
0. 50 18.332 18. 332 18. 332 18.332 18.332 18.33* 18-33* 18,333 18,333 18.333 
0. 75 18.298 18. 298 18. 298 18.298 18.298 18.301 18-302 18,299 18.299 18-300 
1. 00 18.257 18. 256 18. 256 18.256 18.256 18.261 18-262 18-259 18.259 18-260 
1. 25 18.212 18. 208 18. 207 18.206 18.206 18.213 18-217 18-21* 18.212 18.212 
1. 50 18.163 18. 15* 13. 151 18.151 18. 151 18.159 18.167 18,16* 18.161 18.158 
1. 75 18.111 18. 09* 18. 090 18.090 18.090 18.099 18.112 18-111 18.106 18.100 
2. 00 18.058 18. 031 18. 02* 18.02* 18.02* 18.03* 18.05* 18-056 18.0*9 18.039 
2. 25 18.003 17. 965 17. 955 17.955 17.955 17.964 17-993 17.999 17.991 17.976 
2. 50 17.9*8 17. 897 17. 882 17.883 17.883 17.892 17-930 17.9*2 17.933 17.915 
2. 75 17.893 17. 3 28 17. 809 17.810 17.810 17,818 17-866 17.885 17.878 17.858 
i. 00 17.839 17. 760 17. 735 17.735 17.736 17,742 17.301 17.830 17-827 17-806 
J. 25 17.787 17. 6 9* 17. 663 17.662 17.662 17.668 17-737 17.776 17.780 17-76* 





1 . 2 S  
1.50 
1. 7'. '  





























































































































































t = 750c 
0. 10 18.*76 18.*75 18. *75 18.*76 18.476 18.*76 18.476 18.476 18.476 18-«75 
0.25 18.*65 18.*6* 18. *6* 18.*65 18.*65 18-465 18.465 18.465 18.*65 18.*64 
0.50 18.*37 18.4 37 18. *37 18.*37 18.*37 18-*39 18.439 18.438 18.*38 18-*38 
0.75 18.*01 18.401 18. *01 18-*01 18.*01 18,40* 18.40* 18.402 18.*02 18.*0* 
1.00 18.359 18.357 18. 356 18-356 18.356 18.360 18.362 18-360 18.359 18.361 
1.25 18.311 18.306 18. 30* 18.30* 18.30* 18-310 18.314 18.312 18.310 18-310 
1.50 18.259 18.2*8 18. 246 18-2*5 18.2*5 18-252 18.260 18.260 13-256 18.25* 
1.75 18.20* 18.185 18. 181 18-180 18.180 18-188 18.202 18.204 18.199 18.193 
2.00 18.1*7 18. 118 18. 111 18- 111 19.111 18-120 18.141 18. 145 18-139 18.129 
2.25 18.089 18.0*8 18. 038 18-038 18,038 18.0*8 18,077 18.086 18.078 18.06* 
2.50 18.030 17.976 17. 962 17.963 17, 963 17,973 18,011 18.026 18-019 18.000 
2-75 17.972 17.90* 17. 886 17-887 17.887 17-898 17.946 17.967 17.962 17.9*1 3.00 17.91* 17.833 17. 810 17-81 1 17.811 17-823 17.881 17.911 17-909 17-883 
3.25 17.858 17.766 17. 737 17.736 17.736 17-750 17.819 17.858 17-863 17-8*5 








































































































































































Tdble A' l .  Coeff ic ient of thermal expansion (xlO*) in deg-* 
Lad, PrCl, NdCl, NdCl, NdCl, SnCl, GdCl, DyCl, ErCl,  YbCl, 











































































































































































































































































































































t  = 150c 

















2 . 2 2 8  
2.478 
2.563 























































































































































































































































































































Table 15. (Continued) 
m LaCl, PrCl,  NdCl, NdCl, NdCl. SnCl, GdCl, DyCl, ErCl,  XbCl, 
3 3 ( j j j3  3 J 3 3 3 
t  = 250C 
0. 10 2.6** 2.655 2.655 2.657 2.657 2.6*5 2.618 2.621 2.629 2.634 
0.25 2.753 2.778 2.784 2.786 2.786 2.762 2.701 2.70* 2.719 2.733 
0.50 2.907 2.956 2.973 2.974 2.97* 2.938 2.822 2.819 2.8*7 2.873 
0.75 3.025 3.099 3. 127 3. 128 3. 128 3.090 2.920 2.90* 2.945 2.982 
1. 00 3.111 3.212 3.250 3.253 3.253 3.22* 3.003 2.966 3.020 3.065 
1.25 3. 171 3.300 3.350 3.35* 3.35* 3.3*6 3.078 3.011 3.076 3.130 
1.50 3.210 3. 368 3.*32 3.436 3.*36 3.460 3. 150 3.0*5 3.119 3.181 
1.75 3.23* 3.*22 3.501 3.505 3.505 3.568 3.223 3.071 3.151 3.221 
2.00 3.246 3.465 3.560 3.563 3.563 3-673 3.296 3.091 3.17* 3.251 j .25 3.249 3.501 3.614 3.615 3.615 3.774 3.371 3. 106 3.187 3.271 
2.50 3.2*5 3.533 3.663 3.663 3.662 3.872 3.444 3. 11* 3.192 3.282 
2.75 3.238 3.56* 3.711 3.708 3.708 3.965 3.513 3.113 3.185 3.280 
3.00 3.229 3.596 3.757 3.754 3.753 *.050 3.574 3.103 3.165 3.265 
3.25 3.218 3.6 32 3.803 3.800 3.800 *.125 3.623 3.078 3.130 3.232 
3.50 3.207 3.672 3.848 3.8*8 3.8*9 *.187 3.65* 3.035 3.075 3.178 
0. 10 3.066 3.077 3. 076 3-079 
C.25 3.126 3. 149 3. 155 3-158 
0.50 3.210 3.257 3.274 3.275 
0.75 3.272 3.3*5 3. 372 3.373 
"1.00 3.313 3. *13 3.452 3.453 
1.25 3.338 3.*66 3.517 3-520 
1. 50 3.350 3.5C8 3.573 3-576 
1.75 3.353 3.542 3.623 3-625 
2.00 3.3*9 3.571 3-669 3-670 
2.25 3.341 3.5 98 3.713 3-712 
2. 50 3.330 3.625 3.758 3.755 
2.75 3.318 3.654 3. 803 3.798 
3.00 3.307 3.686 3.849 3-8*4 
3.25 3.296 3.724 3.897 3-893 
3.50 3.286 3.768 3.945 3-9*4 
0. 10 3.458 3.468 3-467 3-471 
0.25 3.473 3.497 3.501 3.505 
0.50 3.495 3.5*4 3.558 3-561 
0.75 3.507 3.5£1 3-607 3-609 
1.00 3-508 3.610 3-6*7 3-6*9 
1.25 3.500 3.631 3-682 3-68* 
1.50 3-487 3.649 3-714 3-716 
1.75 3.470 3.665 3.7*5 3-7*7 
2.00 3.452 3.681 3.77B 3-779 
2.25 3.434 3.699 3.814 3.814 
2.50 3.417 3.721 3.853 3.851 
2.75 3.401 3.748 3.896 3.893 
3.00 3.388 3.781 3-9*2 3.938 
3.25 3.377 3.820 3-991 3.988 
3.50 3.369 3.867 *- 042 *.0* 1 
:  = 30OC 
3.079 3.069 3.0*4 3.0*5 3.052 3.057 
3. 157 3.137 3.079 3.079 3,093 3.106 
3.275 3.2** 3. 133 3. 126 3.152 3.177 
3.372 3.3*0 3. 178 3.156 3.195 3.230 
3. *53 3.*30 3.217 3. 17* 3.22* 3.268 
3.519 3.515 3.258 3.18* 3.2** 3.297 
3.575 3.601 3.302 3. 190 3.257 3.318 
3.625 3.687 3.351 3. 193 3.266 3.33* 
3.669 3.775 3.*06 3.195 3.270 3.3*5 
3.712 3.863 3.*65 3.196 3.269 3.350 
3.75* 3.950 3.525 3. 193 3.261 3.3*9 
3.798 *.03* 3.582 3.18* 3.2*6 3.339 
3.8*4 * .  1 12 3.633 3. 167 3.219 3.317 
3.892 *.181 3.672 3. 138 3.179 3.280 


















0- 10 3.824 3.83* 3.833 3.838 3.838 
0-25 3.800 3.825 3.827 3.833 3.833 
0-50 3.767 3.817 3.829 3.83* 3.833 
0.75 3-733 3.809 3.833 3.836 3.835 
1.00 3-697 3.B02 3.838 3.8*0 3.839 
1.2S 3.660 3.79* 3.8U* 3.846 3.8*5 1.50 3.621 3.790 3.85* 3.856 3.855 
1.75 1.58'» 3.789 3.868 3.870 3.870 
.- ' .00 3.517 3.793 3.889 3.891 3.890 
2.25 1.529 3.80* 3.917 3.918 3.917 
2.50 3.506 3.821 3.950 3.951 3.951 
^.75 3.487 3.8*6 3.990 3-990 3.990 J.00 3.473 3.879 *.036 4.035 *.035 
3.2S 3.463 3.920 4.085 4-085 4.085 
J.50 3.457 3.968 4. 137 * .  138 *.138 
3.462 3.*38 3.*38 3.445 3.450 
3. *87 3.*32 3.*29 3.4*3 3.455 
3.534 3.*28 3.416 3.*«1 3.465 
3.580 3.*25 3.398 3.434 3.466 
3.629 3.*25 3.376 3.422 3.465 
3.682 3. *3* 3.35* 3.409 3.460 
3.7*2 3.*52 3.333 3.395 3.454 
3.807 3.*80 3.316 3.381 3.447 
3.878 3.517 3.301 3.367 3.440 
3.95 3 3.560 3.288 3.352 3.431 
*.030 3.607 3.27* 3.333 3.*19 
* .  105 3.653 3.257 3.309 3.*00 
4.175 3.693 3.23* 3.276 3.372 
*.237 3.722 3.200 3.232 3.331 
*.28* 3.73* 3.151 3.172 3.27* 
3.830 3.808 3.806 3.812 3.817 
3.817 3.765 3.759 3.772 3.78* 
3.809 3.708 3.693 3.716 3.739 
3.811 3.662 3.630 3.66* 3.696 
3.823 3.627 3.572 3.615 3.656 
3.8*7 3.606 3.520 3.571 3.620 
3.882 3.600 3.475 3.531 3.5H8 
3.927 3.607 3.438 3.497 3.561 
3.983 3.627 3.407 3.465 3.536 
*.0*5 3.655 3.380 3.436 3.513 
*.111 3.689 3.356 3.406 3.490 
* .  177 3-724 3.331 3.374 3.*63 
*.239 3-754 3.302 3.335 3.*29 
*.293 3.773 3.263 3.286 3.38* 
4. 332 3.776 3.212 3.22* 3.325 
299 
À ( C u n t  l n u v < 1 )  
ra LaCl. PrCl,  NdCl, NdCl- NdCl, StnCl, GdCl, DyCl, ErCl,  YbCl, 
^ (G) IH) • '  ^ ^ ^ 3 3 
«50C 
U. 10 0.170 0.179 0. 178 0.183 0.183 «.176 «. 155 «.152 0.158 0.163 
C.25 «.110 «.135 0. 137 0. 1«3 «. 1«3 «.129 «.079 «.071 «.08« «.095 
0. 50 1.027 «.077 0.089 0.09« «.090 4.072 3. 975 3.956 3.978 «.000 
0.75 3.951 «.030 0.052 «.056 0.055 «.03« 3.889 3.850 3.885 3.916 
1.00 3.882 3.989 0.020 0.026 0.025 «.012 3.822 3.762 3.802 3.801 
1.25 3.818 3.955 «. 00« «.006 0.005 0.008 3.77« 3.683 3.729 3.776 
1.50 3.760 3.930 3.993 3.995 3.995 «.020 3.700 3.615 3.666 3.7^1 
1.7' ,  3.708 3.910 3.993 3.995 3.990 «.007 3.733 3.559 3.611 3.673 
2.00 i .  660 3.907 0.002 0.005 O.OOO «.087 3.736 3.512 3.563 3.632 
J.627 3.911 0.022 «.02« 0.020 «.137 3.750 3.073 3.521 3.596 
. .50 3.598 3.9iO 0.051 0.053 0.053 «.192 3.771 3.«39 3.«80 3.562 
r> 3.S76 3.908 0.088 0.089 0.090 «.2«9 3.795 3.006 3.039 3.527 
1 .00  .1.561 3.960 0.132 0.133 «- 133 «.303 3.815 3.370 3.39« 3.087 
J. •.51 0.021 0. 180 0 .  182 «. 182 «.3«8 3.825 3.328 3.3«2 3.039 (.so 3.5S0 «.070 0.232 0.235 0.230 «.380 3.819 3.273 3.277 3.379 
500C 
0.10 0.097 0.506 0.505 0.510 «.510 0.500 «. 080 «.081 0.«86 0.090 
0.005 0.029 0 . 0  32 0.038 0.039 «.«25 0.377 «.368 «.379 0.390 
0.50 0.276 0.327 0.339 0.3«3 0.300 «.323 0.229 «.208 «.228 0 . 2 0 9  
0.75 0. 163 0.202 0.265 0.268 0.268 «.208 «.108 «.069 0.097 0.127 
1.00 O.063 0.171 0 . 2 0 6  «.208 «.208 0.195 «.Oil  3.907 3.982 «.020 
1.25 J.970 0. 1 10 0. 162 0. 160 «. 160 0.165 3.937 3.8«1 3.883 3.929 
1.50 3. 896 «.069 0.132 0.135 0. 135 «.156 3.886 3.752 3.797 3.850 
1.75 3.829 0.039 0. 118 0.120 «.120 «.166 3.856 3.678 3.723 3.783 
2.00 3.773 «.023 0.117 0.119 0.120 «.191 3.803 3.616 3.660 3.727 
2.25 1.728 0.020 0. 129 0. 132 «. 132 «.228 3.803 3.565 3.605 3.678 
2.50 3.693 0.029 11.153 0.156 0.157 «.273 3.852 3.521 3.55« 3.63« 
2.75 3.669 «.051 0. 187 0. 190 0. 190 «.320 3.865 3.081 3.505 3.591 
3.00 3.653 «.083 0.229 0.231 0.232 «.365 3.875 3.039 3.«55 3.506 3.25 3.606 «.123 0.276 0.279 «. 279 O.«02 3.876 3.392 3.398 3.095 





t  = 55°C 
0.10 W.810 «.817 0.817 «.821 1.822 «.816 0.797 «.793 «.798 «.802 
0.25 1 4 . 6 8 8  0 .711 0.715 0 . 7 1 9  «.720 «.707 0.662 4.652 0.662 « . 6 7 2  
0.50 0.517 0.567 0.580 0.583 «.580 «.560 0.073 «.050 «.«68 «.088 
::S:I ;:;3I 
1.25 0.129 «.269 0.318 0.320 0.320 «.319 «.096 3,995 0.032 0.076 
1.S0 0.033 «.2C8 0.271 0.273 «.270 «.290 «.02« 3.886 3.925 3.976 
!:%; i:::; ::jSI ::i%| ;::|2 131: I:::; 
Z.25 3.*31 «.  130 0 .  2 39 «.2«0 «.  2«2 «.319 3.935 3.657 3.688 
2 . .0 3.792 0. 136 «.258 0.260 «.261 «.352 3.932 3.603 3.628 
. : .75 1.7t,« «.156 0.289 0.290 «.291 «.390 3.93* 3.555 3.572 
3.00 J .708 0.186 0.328 0.329 0.330 «.«26 3.935 3.508 3.515 
"i 'cn «.225 0.  372 0.370 0.375 tt .«S« 3.928 3.057 3.056 3.553 
3.50 3.708 «.271 0.«19 «.«21 0.021 «.«69 3.907 3.397 3.388 3.«92 
t  = 60°C 
9-1° 5.109 5.  1 15 5.  117 5.  120 5.  120 5.115 5.097 5.093 5.097 5.101 
n 'en «.981 0.988 0.990 «.991 «.979 0.934 «.92« 0.933 0.902 
Si 1 i ii i III i ii ii 3 
l l l l l i l i l i i  
300 
Table AS. (rontinued) 
m LaClj  PrCl j  NdCl,  (G)3 
NdCl.  
(H)-*  
NdClj  SmClg GdClj  DyClj  ErClg YbClj  
t  = 650C 
0.10 5.398 5.403 5.407 5.*08 5.  *08 5.403 5.385 5.382 5.386 5.390 
0.25 5.223 5.2*3 5.252 5.252 5.252 5.241 5.198 5.187 5.195 5.20« 
O.SO a.976 5.02* 5.042 5.0*0 5.0*2 5.023 4.936 4.909 * .923 4.9*2 
0.75 a-768 * .8**  4.871 4.86 9 4.871 4.851 «.720 4.672 * .692 4.718 
1.00 11.589 * .695 4,73* 4.732 4.735 4-718 4.54* 4.468 * . *93 4.527 
1.25 «.*36 * .576 4.627 4.626 4.629 4.621 «.403 4.294 * .322 4.363 
1.50 «.307 «.*85 4.5*9 4.5*9 4.551 4.555 4.294 4.148 * .176 4.224 
1.75 «.199 * . *19 4.498 4.497 4.499 4.516 4.213 4.025 * .052 4.106 
2.00 «.113 «.377 4.470 4.469 4.471 4.499 4.155 3.923 3.9*6 4.008 
2. ;5 «.0«6 * .357 * .*63 4.461 4.462 4.500 4.117 3.839 3.856 3.925 
2.50 3.997 * .356 * .*73 4.470 * . *71 4.512 4.091 3.768 3.778 3.854 
i .75 3.965 * .370 4.496 4.492 4.493 4.530 4.073 3.706 3.707 3.791 
t .OO 3.9*8 * .396 4.528 4.523 4.52* 4.547 4.055 3.648 3.6*2 3.734 
t .2S 3.9«6 * . *30 4.563 * .560 4.560 4.558 4.033 3.589 3.576 3.678 
3.50 3.956 «.*68 4.597 * .597 4.597 4.555 3.999 3.526 3.508 3.618 
t  = 70OC 
0.  10 5.678 5.683 5.687 5.688 5.687 5.684 5.666 5.662 5.666 5.670 
0.25 5.*78 5.*98 5.508 5.507 5.507 5.497 5.454 5.443 5.«50 5.459 
0.50 5.198 5.2*6 5.264 5.261 5.262 5.244 5.160 5.131 5.1*2 5.161 
0.75 «.961 5.038 5.066 5.062 5.065 5.044 4.916 4.865 * .881 4.908 
1.00 «.760 * .868 4.906 4.903 4.906 4.889 4.716 4.637 4.657 4.691 
1.25 «.588 «.732 4.782 4.780 4.782 4.771 4.555 4.443 4.465 4.506 
1.50 «.*«* «.627 4.690 4.689 4.691 4.688 4.428 4.279 4.301 4.3U9 
1.75 «.326 * .551 4.627 4.627 4.628 4.635 4.331 4.  142 4.162 4.216 
2.00 «.230 * .502 4.591 4.590 * .591 4.605 4.260 4.028 4.044 4.104 
2.25 «.157 «.*76 4.578 4.576 * .576 4.594 4.210 3.933 3.943 4.01 1 
2.50 «.10* * . *71 4.583 4.579 * .579 4.595 4.174 3.85* 3.857 3.932 
2.75 «.070 * . *82 4.601 4.596 * .596 4.603 4.  146 3.786 3.780 3.864 
3.00 «.053 * .50* * .627 4.622 * .622 4.611 4.120 3.723 3.710 3.804 
3.25 «.052 * .53* * .656 4.653 4.652 4.612 4.  089 3.661 3.643 3.747 
3.50 «.06* * .567 * .682 4.682 4.683 4.600 4.047 3.595 3.574 3.690 
t  = 750c 
0.  10 5.950 5.957 5.961 5.962 5.960 5.958 5.939 5.935 5.940 5.944 
C.25 5.727 5.750 5.758 5.759 5.757 5.748 5.706 5.693 5.700 5.710 
0.50 5.415 5.467 5.482 5.481 5.481 5.465 5.381 5.350 5.360 5.379 
0.75 5.153 5.234 5.259 5.257 5.257 5.239 5.112 5.058 5.072 5.098 
1.00 4.930 5.044 5.079 5.077 5.078 5.062 4.890 4.807 4.824 4.858 
l .^b 4.741 4.892 4.938 4.937 4.938 4.926 4.709 4.594 4.612 4.652 
1.50 4.583 4.775 4.833 4.832 «.833 4.827 4.565 4.413 4.431 4.478 
1.75 4.454 4.690 4.760 4.760 4.759 4.759 4.453 4.262 4.277 4.330 
2.00 «.351 4.633 4.716 4.716 4.714 4.716 4.370 4.137 4.147 4.207 
2.25 4.272 4.602 4.695 4.695 4.693 4.693 4.308 4.033 4.036 4.103 
2.50 «.216 4.592 4.693 4.693 4.690 4.684 4.262 3.946 3.942 4.017 
2.75 «.180 4.599 4.705 4.705 4.702 4.681 4.225 3.872 3.860 3.944 
3.00 «.162 4.617 4.725 4.725 4.722 4.679 4.  191 3.805 3.786 3.882 
3.25 «.  161 4.643 4.747 4.748 4.746 4.671 4.152 3.740 3.717 3.826 
3.50 4.174 4.670 4.766 4.763 4.768 4.649 4.  100 3.672 3.649 3.773 
t  = 8OOC 
0.  10 6.215 6.227 6.228 6.233 6.229 6.227 6.209 6.204 6.209 6-215 0.25 5.971 6.000 6.003 6.010 6.005 5.998 5.957 5,941 5.948 5.960 
0.50 5.63C 5.690 5.697 S.704 5.699 5.687 5.605 5.570 5.579 5.598 
0.75 5.343 5.4 36 5.451 5.455 5.452 5.438 5.312 5.254 5.265 5.292 
1.00 5.100 5.228 5.253 5.255 5.253 5.241 5.068 4.983 4.996 5.03C 
1.25 4.895 5.061 5.098 5.099 5.097 5.088 4.868 4.751 4.765 4.806 
1.50 4.723 4.933 4.981 4.982 4.979 4.974 4.708 4.555 4.568 * .615 
1.75 4.584 4.838 4.897 4.900 4.896 4.892 4.582 4.391 4.400 * .45* 
;^.oo 4.474 4.775 4.844 4.849 4.843 4.836 4.487 4,255 4.258 4.318 
2.25 4.391 4.738 4.814 4.822 4.816 4.802 4.415 4.142 4.138 4.205 
2.50 4.332 4.722 4.804 4.815 4.807 4.781 4.360 4.049 4.037 4.112 
2.75 «.295 4.724 4.808 4.821 4.813 4.768 4,315 3.969 3.950 4.035 3.00 4.277 4.738 4.821 4.835 4.827 4.755 4.271 3.897 3.873 3.971 3.  25 4.276 4.757 4.836 4.849 4.843 4.737 4,222 3.829 3.803 3.916 50 4.288 4.778 4.848 4.857 4.855 4.706 4.  159 3.  759 3.735 3.869 
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Table K6. Apparent aolal expansibility (zIO') in ml d«gr* mole-: 
m LaCl,  PrCl ,  NdCl,  NdCl,  HdCl,  SmCl.  GdCl,  DyCl,  ErCl ,  YbCl,  J J jgj 3 (H) ^ 3 3 3 3 3 3 
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t  = 20»C 
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Table 16. (Continued) 
m LaClg PrCl j  NdCl,  (G)3 NdCl,  (H ) j  NdClj  SmClg GdClg DyClj  ErCla 
YbCl,  
t  = 25<»C 
0 .10 7.90 6.89 8.S9 e. i î  9.09 7.89 • 5 .31 5.  S3 6.26 6.76 
0.25 7.9* 8.85 9.06 9.1*  9.13 8.18 5.79 5.88 6.47 6.97 
0.50 7.  «7 8.35 8.66 8.69 8.68 7.98 5.67 S.61 6.14 6.60 
0.75 6.87 7.  77 8.11 8.13 8.13 7.6*  5.37 5.15 5.67 6.  11 
1.00 6.29 7.21 7.57 7.60 7.60 7.32 5.10 4.72 5.22 5.63 
1.2b 5.75 6.70 7.08 7.11 7.11 7.06 * .90 4.34 4.83 5.22 
1.50 5.26 6.25 6.65 6.68 6.68 6.85 4.76 4.03 4.49 *.86 
1.75 U.83 5.85 6.28 6.31 6.31 6.69 4.67 3.76 * .20 * .55 
2.00 a.as 5.50 5.97 5.99 5.99 6.57 4.63 3.  54 3.93 *.28 
2.25 «.12 5.21 5.71 5.72 5.72 6.48 * .61 3.35 3.70 4.04 
2.50 3.8*  «.97 5.50 5.49 5.49 6.40 4.60 3.18 3.47 3.80 
2.75 3.59 * .78 5.32 5.31 5.31 6.33 * .58 3.00 3.2*  3.56 
3.00 3.38 * .63 5.18 5.17 5.17 6.25 4.55 2.82 3.01 3.32 
3.25 3.19 * .51 5.06 5.05 5.05 6.16 4.49 2.63 2.76 3.06 
3.50 3.0*  *.«* 4.97 4.97 * .97 6.05 * .39 2.40 2.49 2.77 
t  = 30OC 
0.10 4.21 5.  12 5.05 5.37 5.35 4.32 1.89 1.95 2.63 3.09 
0.25 * .52 5.  36 5 .5*  5.66 S.6*  4 .8*  2.58 2.5*  3.08 3.55 
0.50 V.i lO 5.2* 5.54 5.57 5.56 4.96 2.77 2.61 3.09 3.5*  
0.75 ».  10 * .97 5.31 5.32 5.31 * .90 2.7*  2.4* 2.91 3.33 
1.00 3.77 *.68 5.0*  5.05 5.05 4.83 2.70 2.25 2.71 3.11 
1.25 3.*5 * . *0 * .79 * .80 4.80 * .78 2.70 2.09 2.54 2.91 
1.50 3.  17 * .  15 * .57 * .59 4.58 4.77 2.74 1.96 2.38 2.74 
1.75 2.92 3.9*  * .39 4.40 4.*0 4.79 2.82 1.87 2.26 2.60 
2.00 2.70 3.77 4.25 4.26 4.25 4.82 2.91 1.79 2.14 2.08 
2.25 2.52 3.63 4.15 4.14 * .1*  4.86 3.02 1.73 2.04 2.37 
2.50 2.  J7 3.S3 * .07 * .06 4.06 4.90 3.11 1.68 1.93 2.25 
2.75 2.2* 3.  *7 * .02 * .00 * .00 ».9tt  3 .19 1.61 1.81 2.  12 
3.00 2.13 3.*3 3.99 3.97 3.97 4.96 3.24 1.53 1.68 1.98 
3.25 2.05 3.  *2 3.98 3.96 3.96 4.95 3.25 1.41 1.52 1.81 
















t  = 35<»C 
0 .95 1.83 1.68 2.11 2.11 1.20 -1.08 -1.18 -0.54 -0.  11 1.49 2.33 2.44 2.63 2.62 1.92 -0.23 -0.38 0-12 0.56 
1.67 2.  53 2.78 2.84 2.83 2.31 0.22 -0.03 0.«2 0.8*  
1.62 2.  51 2.82 2.85 2.84 2.49 0.42 0.0*  0.*8 0.87 1.51 2.44 2.79 2.81 2.79 2.62 0.S8 0.06 0.49 0.86 
1.40 2.36 2.74 2.76 2.75 2.76 0.75 0.08 0-*9 0.85 1.29 2.  30 2.71 2.72 2.72 2.92 0.95 0.12 0.50 0.8*  
1.20 2.25 2.70 2.71 2.70 3.08 1.16 0.17 0.51 0.85 1.  13 2.  23 2.71 2.71 2.71 3.25 1.37 0.22 0.53 0.85 
1.07 2.23 2.74 2.74 2.73 3.41 1.58 0.28 0.5*  0.S5 
1.0*  2.  25 2.78 2.78 2.78 3.56 1.77 0.32 0.53 0.8*  1.02 2.30 2.85 2.84 2.83 3.68 1.92 0.35 0.51 0.82 1.01 2.  36 2.92 2.91 2.90 3.78 2.04 0.35 0.46 0.76 1.02 2.44 2.99 2.98 2.98 3.84 2.11 0.31 0.38 0.67 1.03 2.54 3.07 3.07 3.07 3.86 2.12 0.2*  0.26 0.5*  
«O'C 
0.10 -1.S5 -1.  10 -1 .31 -0.79 -0.78 -1.58 -3.73 -3.95 -3.36 -2.97 
% 
0.75 -0.60 0.32 0.60 0.64 0.63 0.33 -1.66 -2.10 -1.70 -1.33 
2-9° 0-**  0-77 0.79 0.78 0.6« -1.33 -1.90 -1.52 -1.16 
i i i i 1 i i I if i li 
i;i ii i;i li i 11 i i 1 1 1 
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Table 16. (Continued) 
LaCl,  PrClg NdCl,  NdCl,  MdCl,  SnCl,  GdCl,  DyCl,  ErCl ,  YbCl-(G) (H)  ^  3  3 3 3 3 3 
t  « 45»C 
0.  10 - * .57 -3.77 -3.98 -3.43 -3.40 -«.12 -6.15 -6.46 -5.92 -5.56 
0.25 -3.66 -2.80 -2.77 -2.50 -2.49 -3.06 -5.01 -5.34 -4.91 -4.53 
0.50 -2.98 -2.08 -1.89 -1.78 -1.79 -2.20 -«.13 -4.52 -* .15 -3.78 
0.75 -2.61 -1.68 -1.41 -1.36 -1.37 -1.6*  -3.56 -4.06 -3.70 -3.34 
1.00 -2.35 -1.38 -1.06 -1.03 -1.04 -1.16 -3.07 -3.70 -3.35 -3.01 
1.25 -2.15 -1.13 -0.77 -0.75 -0.76 -0.72 -2.62 -3.38 -3.05 -2.73 
1.50 -1.S6 -0.99 -0.49 -0.48 -0.48 -0.2*  -2.17 -3.08 -2.78 -2.47 
1.75 -1.78 -0.66 -0.23 -0.21 -0.22 0.11 -1,7*  -2.80 -2.53 -2.23 
2.00 -1.61 -0.43 0.04 0.05 0.05 0.50 -1.33 -2.53 -2.31 -2.01 
2.25 -1.*W -0.20 0.30 0.31 0.31 0.86 -0.95 -2.29 -2.11 -1.81 
2.50 -1.27 0.C4 0.56 0.56 0.57 1.18 -0.61 -2.07 -1.93 -1.64 
2.75 -1.09 0.28 0.81 0.81 0.82 1.«6 -0.32 -1.88 -1.79 -1.50 
3.00 -0.92 0.52 1.05 1.05 1.0C 1.69 -0.08 -1.73 -1.69 - l .«1 
3.25 -0.76 0.76 1.28 1.28 1.28 1.86 0.09 -1.6*  -1.63 -1.35 
3.50 -0.59 1.00 1.49 1.50 1.50 1.97 0.19 -1.59 -1.62 -1.3*  
t  ^ Sv^C 
0.  10 -6 .95 -6.25 -6.40 -5.89 -5.85 -6.*9 -8.*2 -8.78 -8.30 -7.98 
0.25 -5.89 -5.  C6 -5 .01 -4.76 -4.74 -5.26 -7.13 -7.51 -7.1*  -6.79 
0.50 -5.00 -4.  10 -3 .90 -3.81 -3.80 -* .19 -6.06 -6.50 -6.16 -5.82 
0.75 -4.45 -3.51 -3.24 -3.20 -3.20 -3.«6 -5.32 -5.87 -5.55 -5.21 
1.00 -4.0*  -3.06 -2.74 -2.71 -2.72 -2.83 -* .69 -5.37 -5.06 -* .73 
1.25 -3.59 -2.66 -2.30 -2.28 -2.28 -2.25 -4.11 -* .92 -4.63 -4.32 
1.50 -3.38 -2.30 -1.89 -1.88 -1.88 -1.71 -3.56 -* .51 -* .25 -3.95 
1.75 -3.09 -1.94 -1.51 -1.49 -1.49 -1.20 -3.0*  -* .12 -3.90 -3.61 
2.00 -2.81 -1.60 -1.13 -1.12 -1.12 -0.73 -2.55 -3.76 -3.58 -3.29 
2.25 -2.54 -1.26 -0.77 -0.76 -0.75 -0.29 -2.09 -3.4*  -3.29 -3.01 
2.50 -2.28 -0.92 -0.42 -0.41 -0.41 0.11 -1.69 -3.14 -3.04 -2.76 
2.75 -2.02 -0.60 -0.09 -0.08 -0.08 0.45 - Î .34 -2-89 -2.83 -2.55 
3.00 -1.77 -0.28 0.22 0.23 0.2*  0.73 -1.05 -2.68 -2.66 -2.38 
3.25 -1.53 0.02 0.52 0.52 0.53 0.96 -0.83 -2.52 -2.5*  -2.26 
3.50 -1.30 0.31 0.78 0.79 0.79 1.11 -0.69 -2.41 -2.«7 -2.19 
t  '  55»C 
0.10 -9.17 -8.60 -8.62 -8.22 -8.17 
0.25 -7.96 -7.19 -7.06 -6.89 -6.85 
0.50 -6.87 -5.59 -5.77 -5.71 -5.69 
0.75 -6.16 -5.23 -4.94 -4.92 -4.91 
1.00 '  -5.60 -4.62 -4,29 -4.28 -«,27 
1.25 -5.13 -4.09 -3.72 -3.71 -3.70 
1.50 -4.70 -3.60 -3.19 -3.18 -3.18 
1.75 -4 .  30 -3 .  13 -2.69 -2.68 -2.68 
2.00 -3.92 -2.68 -2.22 -2.20 -2.20 
2.25 -3.56 -2.2*  -1,76 -1.75 -1,75 
2.50 -3.22 -1.62 -1.33 -1.32 -1,31 
2.75 -2.88 -1.42 -0.92 -0.92 -0,91 
3.00 -2.56 -1.C4 -0.54 -0.5*  -0.53 
3.25 -2.25 -0-67 -0.20 -0.19 -0.19 
3.50 -1.95 -0.3*  0.11 0.12 0.12 
-8.73 -10.58 -10.97 -10.55 -10.26 
-7.3*  -9.15 -9.57 -9.2*  -8.91 
-6.06 -7.87 -8.37 -8.07 -7.74 
-5,16 -6.97 -7.57 -7.29 -6.97 
-* .39 -6.21 -6.93 -6.66 -6.  36 
-3.69 -5.52 -6.37 -6.12 -5.83 
-3.05 -* ,87 -5.85 -5.63 -5.35 
-2.«« -* .26 -5.37 -5.19 -4.91 
-1.88 -3.69 -* .93 -4.78 -4.51 
-1.37 -3.17 -* .52 -4.42 -4.14 
-0.91 -2,71 -* .16 -* .10 -3.82 
-0.51 -2,31 -3.8*  -3,82 -3.54 
-0.17 -1.97 -3.57 -3,58 -3.30 
0.09 -1.71 -3.35 -3,40 -3.12 
0.28 -1,52 -3.19 -3,27 -2.99 
•12.145 
t  = 60OC 
0.10 -11.26 -10.85 -10.70 -10.»*  -10.UO -10.89 -12.68 -13.07 -12.71 -
k IS:;; 3:5 3^2 -l:: :%:% "1:1: 
?*!!  - * ' **  -* -53 -6.5» -6.51 -6.77 -8,55 -9.19 -8.95 -8.65 
]•?? "1*2!  " ! • ' !  -5.7S -5.73 -5.87 -7.66 -8.«2 -8.19 -7.90 
: : : 3%% :2:°: 
IMS : : S 3:2 :l:: :t;; :|:;3 
: : : :  ^ ::::: 
3: : : :i:;2 :1:%2 zi:;? :;:;2 :2:Z; :::I2 
:2::: 3:% 3:: 
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Table A6. (Continued) 
m LaClj  Prclg NdCl,  (G)3 
NdCl,  
(H)3 NdCl 3 SmClg GdClj  
DyCla ErClj  YbClg 
t  = 6S0C 
0.10 -13.30 -13.00 -12.69 -12.56 -12.56 -12.96 -1* .73 -15.11 -1* .79 -1tt .5*  
0.25 -11.78 -11.13 -10.82 -10.83 -10.79 -11.22 -12.9» -13-«1 -13.17 -12.88 
0.50 -10.30 -9.  «8 -9.16 -9.21 -9.16 -9.53 -11.25 -11-83 -11.62 -11.33 
0.75 -9.27 -8.37 -8.0*  -8.07 -8.0» -8.30 -10.05 -10-7» -10.5« -10.25 
1.00 -8.*» -7.*8 -7.12 -7.14 -7.  11 -7.26 -9.03 -9.8» -9.65 -9.38 
1.25 -7.73 -6.69 -6.30 -6.31 -6-29 -6.3» -8.13 -9.05 -8.89 -8.62 
1.50 -7.08 -5.96 -5.55 -5.55 -5-5*  -5.49 -7-30 -8.3*  -8.  20 -7.9» 
1.75 -6 .  *9 -5.28 -* .8*  -«.8» -».83 -».72 -6.53 -7.69 -7.58 -7.32 
2.00 -5.94 -«.6*  -* .18 -* .18 -«-17 -«•01 -5.83 -7.09 -7.02 -6.76 
2.25 -5.U1 -* .03 -3.55 -3.56 -3-56 -3-36 -5.18 -6.5*  -6.51 -6.25 
2.50 - * .91 -3.05 -2.97 -2.99 -2.98 -2-79 -«.61 -6.05 -6.05 -5.78 
2.75 -*.** -2.SI  -2.**  -2.*5 -2-»S -2.29 -«-11 -5.60 -5.65 -5.37 
3.00 -3.98 -2.  *1 -1.95 -1.97 -1-97 -1.87 -3.68 -5.22 -5.29 -5.01 
3.25 -3.5*  -1.S5 -1.52 -1.53 -1.53 -1.53 -3-3« -* .90 -* .99 -* .70 
3.50 -3.12 -1.5*  -1.15 -1.15 -1.15 -1.28 -3.08 -* .6» -U.75 - * . *5 
t  "  70<>C 
0.10 -15.33 -15.03 -1* .63 -1* .56 -1V.64 -1«.95 -16.72 -17.11 -16.81 -16.52 
0.^5 -13.60 -12.95 -12.60 -12.6*  -12-6*  -13.02 -1«.72 -15.22 -15.02 -1* .73 
0.50 -11.90 -11.08 -10.75 -10.81 -10.78 -11.12 -12.82 -13.**  -13.28 -12.99 
0.7S -10.71 -9.81 -9.*7 -9.52 -9,«9 -9.7» -11-«7 -12.20 -12.05 -11.77 
1.00 -9.76 -8.78 -8.*2 -8.*5 -8.»2 -8.58 -10-3» -11.19 -11.0» -10.77 
1.25 -8.93 -7.87 -7.«9 -7.50 -7.  *8 -7,55 -9-3# -10.30 -10.17 -9.91 
1.50 -8.  18 -7.03 -6.63 -6.6» -6.62 -6,62 -8.»3 -9.50 -9.*0 -9.1*  
1.75 -7.50 -6.25 -5.83 -5-83 -5-83 -5,77 -7.59 -8.77 -8.70 -8.*5 
2.00 -6.86 -5.52 -5.08 -5.09 -5-08 -«.99 -6.82 -8,09 -8.06 -7.81 
2.2s -6.26 -* .83 -* .38 -* .39 -«-39 -«.29 -6.12 -7.*8 -7.  *9 -7.23 
i .50 -5.69 -* .19 -3.7*  -3.75 -3.75 -3.67 -5.50 -6.92 -6.96 -6.70 
2.75 -5.15 -3.59 -3.15 -3.16 -3.17 -3.  13 -«.95 -6.*3 -6.50 -6.22 
J.OO -* .63 -3.0*  -2.62 -2.63 -2.6» -2.67 -»-»8 -5.99 -6.09 -5.80 
3.25 - * .13 -2.5*  -2.15 -2.16 -2.17 -2.30 -«-10 -5.62 -5.73 -5.*3 
3.50 -3.66 -2.  10 -1-76 -1.76 -1.76 -2.02 -3.82 -5.32 -5.«3 -5.11 
t  = 750c 
0.10 -17.39 -16.91 —16.56 -16.*0 -16.59 -16.81 -18.62 -19.06 -18.73 -18.37 
0.25 -15.39 -1«.6« -1* .35 -1«.31 -1«.39 -1».71 -16.39 -16.95 -16.77 -16.45 
0.50 -13.*5 -12.55 -12.29 -12.30 -12.31 -12.61 -1«.29 -14.97 -14.80 -  1*.55 
0.75 -12.10 -11.  13 -10.8» -10.87 -10.86 -11.09 -12.80 -13.58 -13.47 -13.19 
1.00 -11.01 -9.S7 -9.66 -9.68 -9.66 -9.81 -11.57 -12.«6 -12.35 -12.09 
1.25 -10.08 -8.95 -8.61 -8.62 -8.61 -8.69 -10.«9 -11.«8 -11.39 -11.13 
1.50 -9.2*  -8.02 -7.65 -7.65 -7.65 -7.67 -9.50 -10.59 -10.53 -10.28 
1.75 -8.»ô -7.15 -6.76 -6.76 -6.76 -6.75 -8.59 -9.78 -9.75 -9.50 
2.00 -7.7*  -6.  3*  -5.93 -5.93 -5-9» -5.92 -7.76 -9.04 -9.05 -8.80 
2.25 -7.07 -5.58 -5.17 -5.17 -5.18 -5.17 -7.01 -8.36 -8.41 -8.15 
2.50 -6.*3 -* .88 -».*7 -».«7 -».*8 -».50 -6.3» -7.75 -7.82 -7.56 
2.75 -5.82 -«.23 -3.83 -3.83 -3.85 -3.92 -5.75 -7.20 -7,30 -7.02 
3.00 -5.2» -3.63 -3.27 -3.27 -3.28 -3.  «3 -5.2» -6.71 -6.83 -6.5*  
3.25 -* .69 -3.  10 -2 .77 -2.77 -2.78 -3.03 -«-83 -6.30 -6.«2 -6.11 
3.50 - * .  17 -2.6« -2.35 -2.35 -2.35 -2.73 -«-52 -5.95 -6.07 -5.73 
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Table A7. Part ial  molal expansibi l i ty of the solute (xlO') in ml deg~> mole-* 
m LaClj  PrClg NdCl-(G)3 NdCl, ( H ) j  NdClj  SnClj  GdClj  DyClj  ErCl j  YbClj  
t  = 5»C 
0.10 27.94 30.82 29-52 31.20 31.19 29.08 26.24 26.73 27.64 28.36 
0.25 24.77 26.82 26. 18 27.2» 27.19 26.00 23.17 23.52 24.28 24.B2 
0.50 19.62 21.20 21.17 21.45 21.39 21. 2C 18.36 18.41 19.12 19.58 
0.75 15.35 76.73 16.99 16.92 16.87 17.39 14.71 14.37 15.04 15.U6 
1.00 11.92 13. 19 13.53 13.42 13.40 14.45 12.08 11.28 11.88 12.26 
1.25 9.20 10. 37 10.71 10.74 10.74 12.21 10.22 8.94 9.45 .9.77 
1.50 7.06 8. 16 8.43 8.69 8.70 10.52 8.94 7.17 7.56 7.83 
1.75 5.U1 6.«3 6.63 7.13 7.16 9.24 8.07 5.81 6.08 6.28 
2.00 «.15 5- 11 5.25 5.94 5,97 8.29 7.46 4.73 4.87 5.03 
2.25 3.20 4. 12 4.25 5.01 S.05 7.55 7.00 3.84 3.85 3.96 
2.50 2. SO 3.«1 3.58 4.27 4.30 6.97 6.56 3.04 2.91 3.00 
2.75 1.99 2.91 3.22 3.64 3.65 6-47 6.08 2.24 1.99 2.07 
3.00 1.62 2. 59 3.12 3.05 3.04 S.99 5.46 1.38 1.02 1.12 
3.25 1.34 2.41 3.27 2.46 2.41 S.48 4.64 0.39 -0.06 0.08 
3.50 1.11 2.33 3.64 1.79 1.71 4.89 3.55 -0.79 -1,30 -1.09 
t  = lOOC 
0.10 21.9« 23.89 23.42 24.23 24.24 22.54 19.81 20.26 21.03 21.68 
0.^5 19.57 21.06 20.94 21.47 21.47 20.43 17.77 18.00 18.66 19.19 
0.50 15.65 16.SO 17.06 17.24 17.24 16.94 14.30 14.20 14.84 15.29 
0.75 12.35 13.52 13.81 13.84 13.83 14.15 11.65 11.18 11.80 12.19 
1.00 9.67 1 0 . e o  11.16 11.16 11.15 12.01 9.76 8.86 9.44 9.79 
1.25 7.51 8.63 9.00 9.06 9.06 10.39 8.45 7.12 7.61 7.92 
1.50 5.80 6.90 7.29 7.44 7.44 9.18 7. SB 5.80 6.19 6.46 
1.75 4.«7 5.55 5.95 6.19 6.20 8.28 7.01 4.79 5.05 5.29 
2.00 3.43 tt .S2 4.92 5.25 5.26 7.60 6.62 3.98 4.11 4.32 
2.25 2.65 3.76 4.18 4.53 4.54 7.09 6.32 3.29 3.28 3.46 
2.50 2.07 3.23 3.67 3.98 3.99 6.66 6.03 2.63 2.49 2.64 
2.75 1.66 2.88 3.38 3.56 3.56 6.27 5.66 1.95 1.68 1.81 
3.00 1.36 2.69 3.25 3.21 3.21 5.88 S.16 1.19 0.81 0.92 
3.25 1.16 2.63 3.28 2.90 2.88 5.43 4.46 0.29 -0.19 -0. 10 
3.50 1.03 2.67 3.44 2.59 2.56 4.89 3.52 —0.80 -1.35 -1.27 











































2 .81  

















18.40 18.41 17.03 14.42 14.78 15.46 16.05 
16.58 16.60 15.70 13.19 13.31 13.89 14.41 
13.59 13.60 13.28 10.80 10.59 11.17 11.60 
11.10 11.10 11.32 8,96 8.38 8.97 9.34 
9.10 9.10 3.83 7.68 6.71 7.26 7.59 
7.52 7.52 8.74 6.85 5.47 5. 94 6.24 
6.29 6.29 7.95 6.33 4.54 4.90 5.19 
5.35 5.35 7.37 6.02 3.83 4.07 4.34 
4.64 4.64 6.95 5.84 3.26 3.36 3.61 
4.13 4.13 6.62 5.69 2.75 2.71 2.94 
3.76 3.76 6.3a 5.50 2.23 2.06 2.26 
3.52 3.52 6.05 5.23 1.67 1.37 1.54 
3.36 3.36 5.72 4.80 0.99 0.58 0.71 
3.26 3.26 5.31 4.18 0.17 
-0.33 -0.26 







































































































































































Table À7. (Continued) 
LaCl,  PrCl ,  NdCl,  NdCl,  NdCl,  SjnCl,  GdCl,  PyCl,  BrCl ,  YbCl,  
-» J  JQJ 3  jgj  3 3 3 3 3 3 3 
t  = 250C 
0.10 8.18 9.06 9.32 9.36 9.35 8.42 6.07 6.18 6.73 7.25 
0.25 7.66 8.49 8.90 8.86 8.86 8.21 5.98 5.90 6.36 6.84 
0.50 6.32 7.21 7.62 7.61 7.62 7.34 5.13 4.75 5.24 5.64 
0.75 5.07 6.04 6.44 6.47 6.48 6.63 4.48 3.78 4.27 4.62 
1.00 4.03 5.C6 5.49 5.54 5.55 6.15 4.  14 3.08 3.54 3.86 
1.25 3.18 4.  28 4.77 4,81 4.82 5.89 4.04 2.61 3.00 3.30 
1.50 2.52 3.69 4.26 4.27 4.27 5.76 4.10 2.31 2.59 2.88 
1.75 2.00 3.26 3.91 3.89 3.88 5.72 4.24 2.09 2.26 2.54 
2.00 1.62 2.98 3.70 3.64 3.63 5.72 4.39 1.91 1.95 2.22 
2.25 1.35 2.83 3.59 3.51 3.50 5.71 4.50 1.72 1.62 1.88 
2.50 1.17 2.80 3.56 3.47 3.47 5.66 4.50 1.45 1.23 1.47 
2.75 1.07 2.88 3.58 3.52 3.52 5.53 4.35 1.09 0.75 0.95 
3.00 1.01 3.C5 3.64 3.63 3.63 5.29 4.01 0.58 0.14 0.29 
3.25 1.00 3.30 3.71 3.78 3.79 4.91 3.43 -0.11 -0.63 -0.53 
3.50 1.02 3.62 3.77 3.97 4.00 4.36 2.60 -1.00 -1.57 -1.55 
t = 30*0 
0.  10 4.69 5.51 5.74 5.82 5.80 5.02 2.79 2.77 3.28 3.76 
0.25 4.63 5.44 5.84 5.78 5.77 5.22 3.09 2.93 3.36 3.81 
C.50 3.89 4.78 5.19 5.15 5.15 4.92 2.80 2.37 2.82 3.20 
0.75 3.  12 4.09 4.51 4.52 4.52 4.67 2.60 1.86 2.31 2.65 
1.00 2.47 3.52 3.98 4.00 4.01 4.59 2.62 1.53 1.95 2.26 
1.25 1.95 3.09 3.60 3.63 3.63 4.64 2.81 1.37 1.71 2.00 
1.50 1.57 2.78 3.38 3.38 3.39 4.78 3.10 1.31 1.55 1.83 
1.75 1.29 2.60 3.28 3.25 3.25 4.96 3.42 1.29 1.42 1.69 
2.00 1.11 2.54 3.28 3.22 3.22 5.14 3.72 1.28 1.28 1.55 
2.25 1.01 2.57 3.34 3.26 3.26 5.26 3.93 1.22 1.09 1.3S 
2.50 0.96 2.69 3.45 3.37 3.37 5.31 4.00 1.07 0.82 1.06 
2.75 0.96 2.89 3.59 3.53 3.53 5.24 3.91 0.80 0.44 0.65 3.00 1.00 3.16 3.74 3.73 3.73 5.03 3.59 0.37 
-0.09 0.09 
3.25 1.05 3.  49 3.87 3.95 3.96 4.65 3.03 -0.25 -0.77 -0.65 
3.50 1.11 3.67 3.98 4.19 4.21 4.08 2.19 -1.08 -1.64 -1.60 
t  = 350c 
0.10 1.61 2.43 2.59 2.74 
0.25 1.94 2.77 3. 14 3.09 
0.50 1.71 2.62 3.04 2.97 
0.75 1.35 2.34 2.78 2.76 
1.00 1.04 2.12 2.60 2.60 
1.25 0.82 1.99 2.53 2.54 
1.50 0.69 1.S5 2.57 2.57 
1.75 0.63 2.00 2.69 2.67 
2.00 0.63 2. 13 2.87 2.83 
2.25 0.69 2. 34 3.09 3.04 
2.50 0.78 2.60 3.34 3.28 
2.75 0.89 2.91 3.59 3.54 
3.00 1.01 3.26 3.82 3.81 
3-25 1.14 3.65 4.02 4.08 
















2.04 -0.07 -0.21 0.26 0.72 
2.60 0.56 0.33 0.72 1. 14 
2-77 0.74 0.26 0.67 1.04 
2.92 0.91 0.14 0.54 0.87 
3. 16 1.2U 0.12 0.50 0.79 
3.50 1.68 0.22 0.51 0.80 
3.87 2.17 0.37 0.57 0.84 
4.24 2.65 0.54 0.62 0.89 
4.57 3.07 0.68 0.63 0.90 
4.81 3.37 0.74 0.58 0.83 
4.94 3.52 0.70 0.42 0.66 
4.93 3.47 0.51 0.13 0.36 
4.75 3.18 0.16 -0.30 -0.11 
4.37 2.63 -0.39 -0.91 -0.76 


















- 0 .  2 6  
- 0 . 2 6  
- 0 . 2 6  
- 0 . 2 2  
-0. 13 








-0.  29 
0 .  40 




1 .  19 
1 .46 
1.77 



































t  = 40OC 
















0 . 2 6  
0.84 
1.33 








































































Table a7. (Continued) 
Laci,  PrCl,  NdCl- NdCl, NdCl, SmCl, GdCl, DyCl, ErCl,  YbCl, 
J J (Gj  3 (H) 3  3 3 3 3 3 3 
t  = *5»C 
0.10 -3.  62 -2.76 -2.70 -2.«6 -2.*6 -3.01 -4.9*  -5.25 -4.86 -4.  *7 
0.25 -2.65 -1.73 -1.45 -1.46 -1.48 -1.86 -3.75 -4.12 -3-79 -3.U1 
0-50 -2.0*  -1.C7 -0.68 -0.75 -0.77 -0.91 -2.81 -3.39 -3-05 -2.71 
0-75 -1.72 -0.68 -0.23 -0.28 -0.30 -0.12 -2.02 -2.88 -2-55 -2.2*  
1.00 -1.*5 -0.32 0.19 0.16 0.16 0.67 -1.20 -2.37 -2-09 -1,81 
1.25 -1.18 0-07 0.64 0.63 0.6*  1.*5 -0.36 -1.85 -1-6*  -1.38 
1.50 -0.88 0.50 1.12 1.13 1.1*  2.21 0.46 -1.33 -1-23 -0.97 
1.75 -0.56 0.96 1.62 1.63 1.6*  2.89 1.20 —0.86 -0-87 -0.61 
2.00 -0.23 1.44 2.  14 2 .1*  2.15 3.*7 1.83 -0.47 -0-59 -0.33 
2.25 0.11 1.S4 2.64 2.63 2.6*  3-92 2.29 -0.18 -0.*1 -0.15 
2.50 0.46 2.44 3.11 3.09 3.10 4.  19 2.57 -0.03 -0.35 -0.10 
2.75 0.79 2.93 3.53 3.51 3.51 * .27 2.61 -0.05 -0.*5 -0.20 
3.00 1.11 3.40 3.88 3.88 3.87 4.12 2.38 -0.25 -0.71 -0.48 
3-25 1.41 3.84 * .  16 4.18 * .  16 3.73 1.87 -0.67 -1.16 -0.9*  
3.50 1.67 4.25 * .34 4.40 * .37 3.08 1.05 -1.32 -1-80 -1.62 
t  = 500C 
0.10 -5.89 -5.  C* -4 .97 -4.75 -4.73 -5.25 -7.10 -7.47 • -7 .12 -6.76 
0.25 -* .65 -3.70 -3.*3 -3.44 -3.45 -3.82 -5.66 -6.08 -5.79 -5.*2 
0-50 -3.68 -2.69 -2.31 -2.38 -2.39 -2.52 -4.38 -5.00 -4.70 -* .3f l  
0-75 -3.07 -2.01 -1.56 -1.61 -1.62 -1.46 -3.32 -4.22 -3.93 -3.6*  
1.00 -2.55 -1.39 -0.88 -0.90 -0.91 -0.45 -2.29 -3.49 -3.25 -2.98 
1.25 -2.06 -0.77 -0.21 -0.20 -0.20 0.53 -1.29 -2.79 -2.63 -2.37 
1.50 -1.58 -0.  1*  0.48 0.49 0.49 1.44 -0.34 -2.12 -2.06 -1.80 
1.75 -1.10 0.50 1.16 1.17 1.18 2.26 C.52 -1.52 -1.56 -1.31 
2.00 -0.62 1.  14 1.81 1.82 1.83 2.94 1.23 -1.01 -1.16 -0.90 
2.25 -0.15 1.77 2.43 2.43 2.**  3.47 1.77 -0.62 -0-87 -0.61 
2.50 0.32 2.37 2.99 2.98 2.99 3.80 2.10 -0.38 -0-72 -0,*6 
2.75 0.76 2.  93 3.47 3.46 3.*6 3.91 2.19 -0.32 -0.72 -0.*6 
3.00 1.18 3.43 3.86 3.86 3.85 3.79 2.01 -0.45 -0.90 -0.64 
3.25 1.57 3.88 4.13 4.16 «.13 3.40 1.53 -0.80 -1.26 -1-01 
3.50 1.92 * .25 4.28 4-35 * -30 2.72 0.74 -1.39 -1.82 -1.59 





















- 2 . 8 8  
-2.23 
- 1 . 6 0  
-0.98 
-0.39 
0.  19 













1 . 6 1  
2.30 
2-91 






- 2 . 8 0  
- 1 . 8 8  
-0.99 
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- 1 . * 1  
-1.23 
-1.23 




-7.  *3 




- 2 . 6 0  
-1.97 
- 1 . « 6  




- l . *3 
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Table a7. (Continued) 
m LaClj  PrCl j  NdCl,  (G)3 
NdCl,  
(H)3 HdClj  
SmClg GdClg DyClj  ErClg YbClg 
t  = 6S0C 
0.10 -11.88 -11.  16 -10.85 -10.90 -10.85 -11.30 -13.01 -13.47 -13-26 -12.96 
0.25 -9.87 -8.90 -8.60 -8.70 -8-6» -9.01» -10.75 -11.33 -11.16 -10.84 
0.50 -7.93 -6.91 -6.57 -6.62 -6-58 -6.77 -8.52 -9.32 -9.13 -8.85 
0.75 -6.5« -5.«5 -5.05 -5.0*  -5-03 -* .97 -6.78 -7.82 -7.65 -7.39 
1.00 -5.39 -«.  16 -3.69 -3.65 -3-66 -3.38 -5.22 -6.51 -6.39 -6.15 
1.25 -«.36 -2.93 -2.«0 -2.36 -2.38 -1.93 -3.80 -5.33 -5.28 -5.05 
1.50 -3.«0 -1.76 -1.18 -1-16 -1.18 -0.6*  -2-51 -«.26 -4.31 -4.07 
1.75 -2.«9 —0.65 -0.0« -0-05 -0.07 0.48 -1-38 -3.31 -3.45 -3.20 
2.00 -1.63 0.39 0.98 0.95 0-93 1.41 -0.«« -2.«9 -2.73 -2.«6 
2.25 -0.82 1.32 1.88 1.82 1.82 2.12 0.28 -1.84 -2.15 -1.86 
2.50 -0.0« 2.1« 2.62 2.56 2.56 2.58 0.77 -1.36 -1.73 -1.U0 
2.75 0.70 2.82 3.  18 3.14 3 .  1« 2 .78 1.00 -1.07 -1.46 -1.11 
3.00 1.«0 3.35 3.5« 3.56 3.55 2.70 0.95 -0.99 -1.37 -0.93 
3.25 2.05 3.70 3.69 3-79 3.78 2.32 0.59 -1-14 -1.46 -1.04 
3.50 2.66 3.88 3.61 3-83 3.80 1.61 -0.09 -1.52 -1.74 -1.29 
t  = 70»C 
0.10 -13.72 -13.00 -12.65 -12-73 -12.72 -13.13 -14.80 -15.30 -15.14 -14.84 
0.25 -11.«1 -10.«« -10.15 -10-27 -10.20 -10.60 -12.26 -12.90 -12.78 -12.48 
0.50 -9.17 -8.  1« -7.82 -7-87 -7.82 -8.01 -9.76 -10.60 -10.46 -10.19 
0.75 -7.56 -6.«« —6.06 -6.05 -6.03 —6.00 -7.82 -8.90 -8-76 -8.52 
1.00 -6.22 -«.  9« -«.«9 -«-«5 -».«5 -4-2*  -6.12 -7.42 -7.34 -7.10 
1.25 -5.03 -3.5« -3.03 -2.99 -3.01 -2-67 -4.57 -6.10 -6.09 -5.86 
1.S0 -3.92 -2.21 -1.66 -1-6» -1.67 -1-27 -3.18 -«.91 -4.99 -4.75 
1.75 -2.89 -0.97 -0-«1 -0.«1 -0.»» -0.07 -1.97 -3.85 -4.03 -3.78 
2.00 -1.92 0.16 0.71 0.68 0.65 0.91 -0.96 -2.95 -3.21 -2.9 3 
2.25 -0.99 1.17 1.67 1.62 1.60 1.67 -0.17 -2.21 -2.54 -2.23 
2.50 -0 .  12 2.03 2.«« 2-39 2.38 2.16 0.37 -1.65 -2.02 -1.67 
2.75 0.70 2.73 3.01 2-98 2.98 2.39 0.63 -1.29 -1.67 -1.27 
3.00 1.«6 3.25 3.35 3-37 3-38 2.32 0.60 -1.15 -1.49 -1.03 
J.25 2.17 3.56 3.«5 3.5» 3.56 1.94 0.26 -1-2« -1-49 -0.97 
3.50 2.83 3.65 3.27 3.«9 3.50 1.23 -0.42 -1-57 -1.68 -1.09 
t = 750c 
0.  10 -15.52 -1«.70 -14.«3 -14.42 -14.48 -14.84 -16.47 -17.05 -16.91 -16.59 
0.25 -12.88 -11.87 -11.64 -11.72 -11.68 -T2.0S -13.64 -14.35 -14.29 -1«.02 
0.50 -10.34 -9.27 -8.99 -9.05 -8.99 -9.17 -10.91 -11.79 -11.71 -11.46 
0.75 -8.53 -7.35 -6.99 -7.01 -6.97 -6.96 -8.82 -9.90 -9.82 -9.58 
1.00 -7.02 -5.66 -5.23 -5.22 -5.21 -5.05 -6.98 -8.28 -8.24 -8.01 
1.25 —5.66 -« .  10 -3 .61 -3.58 -3-60 -3.36 -5.32 -6.83 —6.86 -6.63 
1.50 -4.42 -2.63 -2.12 -2.09 -2-13 -1.88 -3.83 -5.53 -5.64 -5-»1 
1.75 -3.26 -1.29 -0.77 -0.75 -0-79 -0.61 -2.53 -4.37 -«.58 -4.33 
2.00 -2.17 -0.07 0.«2 0.«3 0.38 0.42 -1.4*  -3.37 -3.66 -3.39 
2.25 -1-1« 1.00 1.42 1.42 1.39 1.21 -0.59 -2.55 -2.90 -2.58 
2.50 -0.18 1.90 2.22 2-22 2-20 1.74 -0-01 -1.92 -2.29 -1.92 
2.75 0.70 2.61 2.79 2.79 2.79 1-98 0-28 -1.49 -1.85 -1.41 
3.00 1.52 3.11 3.11 3.13 3-16 1.91 0.25 -1.29 -1.58 -1.05 
3.25 2.26 3.38 3.17 3.22 3.27 1.54 -0.12 -1.33 -1.49 -0.85 
3.50 2.91 3.40 2.94 3.04 3-  12 0 .83 -0.85 -1.63 -1.59 -0.82 
t = 8OOC 
0.10 -17.29 -16.22 -16.21 -15.90 -16.10 -16.39 -17.96 -18.67 -18.53 -18.17 
0.25 - in.25 -13.16 -13.08 -13.03 -13.05 -13.35 - I I» .87 -15.67 -15.66 -15.42 
0.50 -11.«3 -10.29 -10.07 -10.15 -10.10 -10.22 -11.97 -12.87 -12.85 -12.62 
0.75 -9.W5 -8.17 -7.82 -7.92 -7.88 -7.8« -9.76 -10.83 -10.79 -10.56 
1.00 -7.78 -6.31 -5.88 -5.95 -5.93 -5.80 -7.82 -9.09 -9.09 -8.85 
1.25 -6.28 -«.60 - t t .m -«.15 -«.17 -«.02 -6.05 -7.53 -7.59 -7.36 
1.50 -«.89 -3.C3 -2.56 -2.52 -2.56 -2.«6 -«.«5 -6.12 -6.27 -6.0# 
' • '5  -3.59 -1.59 -1.15 -1.06 -1.12 -1.11» -3.05 -«.86 -5.10 -«.87 
2.00 -2.38 -0.30 0.08 0.20 0.1« -0.06 -1.88 -3.77 -«.09 -3.83 
^.25 -1.25 0.82 1.11 1.2» 1.19 0.76 -0.97 -2.86 -3.23 -2.92 
2-50 -0.21 1.7*  1.92 2.0« 2.01 1.30 -0.35 -2.16 -2-53 -2.15 
2.75 0.73 2.«6 2.51 2.58 2.59 1.55 -0.07 -1.67 -2.00 -1.51 
3.00 1.56 2.S« 2.83 2.8« 2.89 1.50 -0.13 -1.«2 -1.65 -1.01 
3-25 2.28 3.17 2.89 2.80 2.91 1.12 -0.58 - l .«3 -1.«8 -0.66 
3.50 2.88 3.13 2.67 2.«« 2.63 0.«0 -1.«3 -1.70 -1.50 -0.«5 
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Table A8. Part ial  lolal  expansibi l i ty of the solvent (s10>) in ml deg-'  mole-: 
m LaClj  PrCl j  NdCl, (G)3 
NdCl-
(H)3 NdClj  Saci j  GdClj  
DyClg ErClg XbCl. 
t  = 50c 
0. 10 0.30 0.31 0.30 0.30 0.30 0.30 0.29 0.29 0.30 0.30 
0.25 0.«0 0.0* 0.*1 0.*3 0.*3 0.39 0.39 0.«0 0.40 0.41 
0.50 0.7* 0.81 0.74 0.82 0.82 0.71 0.71 0.74 0.75 0.76 
0.75 1.22 1.31 1.21 1.32 1.32 1.14 1.12 1.19 1.20 1.22 
1.00 1.75 1.87 1.75 1.87 1.87 1.60 1.53 1.67 1.70 1.72 
1.25 2.31 2. *3 2.32 2.*1 2.40 2.05 1.90 2.14 2.19 2.23 
1.50 2.83 2.98 2.89 2.91 2.90 2.47 2.22 2.58 2.65 2.71 
1.75 3.31 3.*8 3.«1 3.37 3.36 2.84 2.47 2.98 3.09 3.16 
2.00 3.7* 3.93 3.88 3.77 3.76 3.16 2.68 3.34 3.49 3.58 
2.25 «. 10 *.30 *.26 *.12 4.11 3.4* 2.85 3.68 3.89 3.99 
2.50 *.*0 *.61 *.5* *.44 4.43 3.69 3.04 4.02 4.29 4.40 
2.75 «.6* *.8* *.72 *.7* 4.73 3.93 3.27 *.«0 4.72 4.8« 
3.00 «.83 5.01 «.76 5.04 5.05 4.18 3.59 4.85 5.22 5.33 
3.25 «.99 5. 11 *.68 5.38 5.«0 4.46 4.05 5.*1 5.83 5.91 
3.50 5. 13 5. 16 *.*5 5.78 5.83 4.82 4.72 6.12 6.59 6.63 
t  = 10®C 
0. 10 1.59 1.60 1.59 1.59 1.59 1.59 1.58 1.58 1.59 1.59 
0.25 1.67 1.69 1.67 1.68 1.68 1.65 1.65 1.66 1.66 1.67 
0.50 1.93 1.97 1.93 1.96 1.96 1.89 1.88 1.91 1.92 1.93 
0.75 2.30 2.3* 2.30 2.34 2.35 2.20 2.17 2.25 2.26 2.28 
1.00 2.72 2.77 2.71 2.76 2.77 2.53 2.47 2.61 2.63 2.65 
1.25 3.15 3.21 3.15 3.19 3.19 2.86 2.73 2.96 3.00 3.03 
1.50 3.57 3.63 3.57 3.59 3.59 3.16 2.95 3.29 3.35 3.39 
1.75 3.96 *.03 3.96 3.95 3.95 3.42 3.11 3.58 3.68 3.73 j .OO «.31 *.37 *.31 4.27 4.27 3.65 3.24 3.86 4.00 «.06 
2.25 *.61 *.66 *.59 4.5* 4.54 3.85 3.36 4.12 4.32 «.39 
2.50 «.86 «. 89 *.80 *.78 4.77 4.03 3.49 4.U0 4.65 ».7tt  
2.75 5.05 5.C6 *.95 *.98 4.98 4.21 3.66 *.72 5.03 5.13 
3.00 5.21 5. 15 5.01 5.16 5.16 4.42 3.92 5.12 5.49 5.59 
3.25 5.32 5.19 «.99 5.33 5.34 4.67 4.32 5.63 6.05 6.17 
3.50 S.ttO 5. 16 *.90 5.52 5.54 5.00 4.89 6.29 6.75 6.88 
t  = 150c 
0. 10 2.72 2.73 2.72 2.72 2.72 2.72 2.71 2.71 2-72 2.72 
0.25 2.77 2.79 2.78 2.78 2.78 2.76 2.75 2.76 2.77 2.77 0.50 2.97 2.99 2.97 2.98 2.98 2.92 2.91 2.95 2.95 2.96 
0.75 3.25 3.26 3.2* 3.26 3.26 3.14 3.12 3.19 3.20 3.21 
1.00 3.57 3.58 3.56 3.57 3.57 3.37 3.32 3.45 3.46 3.49 
1.25 3.90 3.91 3.88 3.89 3.89 3.59 3.49 3.70 3.73 3.76 
1.50 «.23 4.23 4.18 4.19 *.20 3.79 3.61 3.93 3.99 4.02 
1.75 4.53 4.53 4.46 4.47 *.*7 3.96 3.70 4.1* 4.23 4.27 
2.00 4.81 4.73 4.70 4.71 *.71 4.10 3.76 *.33 4.47 4.51 2.25 5.04 4.99 4.90 4.90 4.91 4.22 3.82 4.53 4.72 4.77 j .50 5.23 5.  14 5.04 5.06 5.06 4.34 3.90 «.75 4.99 5.06 2.75 5.38 5.24 5.14 5.18 5.18 4.48 4.03 5.02 5.32 5.40 3.00 5.49 5.27 5.19 5.26 5.26 4.65 4.25 5.37 5.73 5.83 3.25 5.57 5.24 5.19 5.31 5.31 4,89 4.61 5.83 6.25 6.38 3.50 5.61 5.15 5.16 5.35 5.35 5.21 5.13 6.*5 6.90 7.07 
t  = 20*0 
i:| i:| l:| B L'f J."L' i:.'l i:I: B 1:1 1:J1 
0-75 «.10 I». 10 4.09 *.10 *.09 3.99 3.97 «.0* «.05 «.06 
1.00 U.Jtt  * .33 «.32 *.32 *.32 tt. l*  * .09 #.22 *.23 *.25 
1.25 *.59 «.57 *.S« *.5* *.55 *.27 *.18 *.39 *.*1 u.t ta 
1*5? * '80 * '75 «.76 *.76 *.38 *.23 *.5« «.58 *.61 
5.05 5.00 «.9* *.95 *.95 *.*6 *.25 *.67 *.75 *.78 
i i i i i 1 i i i i i 
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Table AS. (Continued) 
Lad, PrCl, NdCl, KdCl, NdCl, SnCl, GdCl, OyCl, ErCl,  YbCl, 
J (G) 3  CH)  ^  3  3 3 3 3 3 
t  = 250C 
0.10 4.64 a.6tt  4 .64 4.64 4.6a 4.63 4.63 4.63 4.64 4.64 
0.25 4.66 a.  66 4.65 a.66 a.66 a.6a 4.64 4.64 4.65 4.65 
0.50 4.75 a.75 4.7a a.74 a.7a a.70 4.69 4.72 4.72 4.7 3 
0.75 a,89 a,88 4.87 4.87 a.87 4.78 4.76 4.83 4.83 4.84 
1.00 5.05 5.03 5.02 5.01 5.01 a.85 4.82 4.94 4.95 4.96 
1.25 5,22 5.  19 5,16 5.16 5.16 4.91 4.8a 5.03 5.06 5.08 
1.50 5.39 5.3a 5,29 5.30 5.30 4.9a a,82 5.11 5.16 5.  18 
1.75 5.54 5.16 5.39 5.ai  5.41 4.95 4.78 5.17 5.25 5.28 
2.00 5.66 5,56 5.46 5.a9 5.49 a.95 4.73 5.23 5.36 5.39 
2.25 5,77 5,61 5.50 5.54 5.54 4.95 4.69 5.31 5.49 5.52 
2.50 5.84 5,62 5.52 5.55 5.56 4.98 4.69 5.42 5,65 5.70 
2.75 5,89 5,59 5.51 5.53 5.53 5.04 4.76 5.59 5,88 5.94 
3.00 5.92 5,50 5.48 5. t t8 5 .47 5.16 u.9a 5.86 6,20 6.28 
3.25 5,93 5,36 5.aa 5.39 5.38 5.38 5.26 6.24 6.63 6.75 
3.50 5.92 5,  16 S.t tO 5.27 5-26 5.71 5.77 6.79 7,20 7.  37 
t  = 30<»C 
0.10 5.47 5,«8 5.a7 5.as 5.48 5.a7 5.a7 5.47 5,47 5.47 
0.25 5.as 5,48 5.a7 5.as 5.48 5.a7 5.a6 5.47 5.47 5.47 
0.50 5,53 5,53 5.51 5.52 5.52 5.a9 5.as 5.50 5.51 5.51 
0-75 5-62 5.60 5.59 5.59 5.59 5.51 5.50 5.56 5.56 5.58 
1.00 5,72 5.69 5.68 5.67 5.67 5.53 5.50 5.61 5.62 5.64 
1.25 5.82 5,78 5.75 5.75 5.75 5.52 5.46 5.65 5.67 5.69 
1.50 5,92 5,85 5.80 5.81 5.81 5.48 5.39 5.66 5.71 5.73 
1.75 6,00 5.51 5.83 5.85 5.85 5.43 5.29 5.66 5.75 5.77 
2.00 6,06 5,93 5.83 5.86 5.86 5.37 5.19 5.67 5.79 5.82 
2.25 6.10 5,S2 5.81 5.8a 5.84 5.32 5.11 5.69 5.87 5.90 
2.50 6.  12 5,86 5.76 5.79 5.79 5.30 5.08 5.76 5.98 6.02 
2.75 6.12 5.77 5.70 5.72 5.72 5.33 5.13 5.88 6.16 6.21 
3.00 6.  10 5.63 5.62 5.61 5-61 5.44 5.29 6.11 6,44 6.51 
3.25 6.07 5.aa 5.5a 5.a9 5,48 5.66 5.61 6.46 6,82 6.92 
3.50 6.03 5.21 5.  as 5.34 5.33 6.00 6.12 6.97 7,35 7.50 
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Table AS. (Continued) 
m Lad, PrCl, NdCl, NdCl, NdCl, SnCl, GdCl, DyCl, ErCl,  YbCl, 3 3 (Qj 3 jgj 3 3 3 3 3 
t  = «50C 
0.10 7.67 7.67 7.66 7.67 7.67 7.66 7.66 7.66 7.66 7.66 
0.25 7.6tt  7 .6» 7.62 7.6« 7.6W 7.63 7.63 7.63 7.63 7,63 
0.50 7.60 7.59 7.57 7.59 7.59 7.57 7.57 7.58 7.59 7,59 
0.75 7.56 7.55 7.52 7.5a 7.5a 7.48 7.48 7.52 7.53 7.5a 
1.00 7.52 7.  «9 7.«6 7.47 7.47 7.35 7.35 7.44 7.06 7.47 
1.25 7.a7 7.ai  7.37 7.37 7.37 7.20 7.18 7,34 7.37 7.38 
1.50 7.39 7.  31 7 .25 7.25 7.25 7.01 6.97 7.21 7.26 7.28 
1.75 7.30 7.  17 7 .  10 7.10 7.10 6.81 6.76 .  7 .07 7.  16 7.  17 
2.00 7.  19 7.01 6.93 6.93 6.93 6.61 6.55 6.94 7.06 7.08 
2.25 7.05 6.82 6.7<l  6 .7H 6.74 6.44 6.37 6,83 7.O0 7,01 
2.50 6.91 6.61 6.5« 6.55 6.54 6.33 6.25 6.77 6.97 6,99 
2.75 6-75 6,37 6.31» 6 .35 6.35 6.29 6.23 6.78 7.02 7.0# 
3.00 6.58 6.  13 6.15 6.16 6.16 6.37 6.35 6.88 7.15 7.18 
3.25 6.U2 5.88 6.00 5.99 6.00 6.59 6.64 7.12 7.41 7.«5 
3.50 6.26 5.63 5.89 5.85 5.87 6.98 7.14 7.52 7.ec 7.86 
t  = 500C 
0.10 8.32 8.32 
0.25 8.29 8.28 
O.SO 8.22 8.21 
0.75 8.15 8.  1*  
1.00 8.07 8.C« 
1.25 7.97 7.92 
1.50 7.86 7.76 
1.75 7.71 7.57 
2.00 7,55 7.35 
2.25 7.37 7.  12 
2.50 7.17 6.66 
2.75 6.96 6.59 
3.00 6.75 6.33 
3.25 6.53 6.08 
3.50 6.31 5.86 
0.10 8.95 8.95 
0.25 8.91 8.SO 
0.50 8.82 8.81 
0.75 8.72 8.70 
1.00 8.61 8.57 
1.25 8.U7 8.10 
1.50 8.31 8.20 
1.75 8.12 7.S6 
2.00 7.91 7.69 
2.25 7.69 7.111 
2 .50 7.«H 7.12 
2.75 7.18 6.83 
3.00 6.91 6.55 
3.25 6.6U 6.31 
3.50 6.37 6.  12 
8.32 8.32 8.32 8.32 8.32 8.32 8.32 8,32 
8.27 8.28 8.28 8.28 8,28 8,28 8.28 a,28 
8.20 6.21 8.21 8.  19 8.19 8,21 8.21 8,21 
8.11 8.13 8.13 8.07 8.07 8,12 8.12 8,13 
8,01 8.02 8.02 7.91 7.91 8,00 8.02 8,03 
7.87 7.87 7.87 7.71 7.71 7,86 7.89 7,90 
7.70 7.70 7.70 7.49 7.47 7,70 7.75 7.76 
7.50 7.50 7.50 7.25 7.22 7,52 7.60 7.62 
7.28 7-28 7.28 7.02 6.98 7.35 7.47 7.48 
7,0» 7.05 7.05 6,82 6.77 7.20 7.36 7.37 
6.80 6.81 6.81 6.68 6.64 7.10 7.30 7,30 
6,58 6.59 6.59 6.63 6.59 7.07 7.30 7.31 
6.38 6.38 6.39 6.69 6.69 7.14 7.39 7,40 
6.22 6.21 6.23 6.91 6.96 7.34 7.59 7,61 
6.13 6.10 6.13 7.32 7.44 7.69 7,93 7,96 
t  -  55»C 
8.94 8.95 8.95 8.95 8.95 8.95 8,95 8.95 
8.89 8,90 8.90 8.90 8.90 8,90 8.90 8.90 
8.80 8.81 8.81 8.79 8.79 8.81 8.81 8.81 
8.68 8.69 8.6$ 8.64 a.64 8.69 8.70 8.70 
8.54 8.5a 8.54 8.45 8 .45 8.54 8.S6 8.56 
8.36 6.36 8.36 8.22 8.22 8.37 8.40 8.41 
8.14 8.14 8.  14 7 .96 7.95 8.17 8.22 8.23 
7.89 7.90 7.90 7.68 7.  67 7.95 8.04 8.05 
7.63 7.63 7.63 7.42 7,41 7.75 7.86 7.87 
7.35 7.36 7.36 7.20 7,18 7.56 7.72 7.72 
7.08 7.09 7.09 7.03 7,01 7.43 7.61 7.61 
6.83 6.84 6.84 6.96 6,95 7.36 7.57 7.57 
6.63 6.63 6.64 7.02 7,02 7.39 7,62 7,61 
6.49 6.46 6.48 7.24 7,27 7.55 7,77 7,76 
6.43 6.37 6.41 7.66 7,72 7.86 8,06 8,05 
t  = 60<»C 
0.  10 9.56 9.55 9.55 9.56 
0,25 9.51 9.49 9.49 9.50 
0.50 9.40 9.39 9.38 9.38 
0.75 9.27 9.25 9.24 9.24 
1.00 9.12 9.C8 9.05 9.05 
1.25 8.95 8.87 8.83 8.83 
1.50 8.75 8.62 8.57 8.57 
1 .75 8.52 8.34 8.28 8.28 
2.00 8.27 8.03 7.97 7,98 
2.25 8.00 7.71 7.66 7,67 
2.50 7.71 7.38 7.36 7,38 
2.75 7.40 7.07 7.10 7.11 
3.00 7.09 6.80 6.90 6.89 
3.25 6.76 6.  58 6.79 6.74 
3.50 6.44 6.42 6.78 6.68 
9.56 9.56 9.  55 9.56 9.S6 9.56 
9.50 9.50 9.49 9.50 9,50 9.50 
9.38 9.37 9.37 9.39 9.39 9.  39 
9.24 9.  19 9.20 9.24 9.25 9.25 9.06 8.  97 8.98 9.07 9,08 9.09 
8.83 8.70 8.71 8.86 8.89 8.89 
8.57 8.41 8.42 8.62 8.68 8.68 
8.29 8.11 8.12 8.38 8.46 3.46 
7.98 7.82 7.83 8.14 8.25 8.25 
7.67 7.57 7.57 7,92 8.07 8.06 
7.38 7.39 7.38 7,75 7.92 7.91 
7.12 7.31 7.30 7,65 7.84 7.82 
6.90 7.36 7.35 7,64 7.84 7.81 
6.76 7.58 7.57 7,76 7.94 7.90 
6.71 8.00 8.00 8,03 8.17 f l .  13 
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Table 18. (Continued) 
Lad,  PrCl ,  NdCl,  NdCl,  NdCl,  SmCl,  GdCl,  DyCl,  ErCl ,  
3 3 (g,  3 jgj  3 3 3 3 
t  = 650C 
0.  10 10.  15 10.  m 10.19 10.15 
0.25 10.09 10.07 10.08 10.08 
0.50 9.96 9.S« 9.99 9.99 
0.75 9.81 9.78 9.77 9.77 
1.00 9.63 9.58 9.56 9.55 
1.25 9.  «2 9.33 9.30 9-29 
1.50 9.18 9.09 8.99 8.99 
1.75 8.91 8.71 8.66 8.66 
2.00 8.62 8.37 8.32 8.33 
2.25 8.31 8.01 7.97 7.99 
2.50 7.98 7.66 7.66 7.68 
2.75 7.63 7.39 7.39 7.90 
3.00 7.27 7.06 7.20 7.19 
3.25 6.90 6.86 7.12 7.06 
3.50 6.53 6.76 7.17 7.09 
0.  10 10.73 10.72 10.72 10-72 
0.25 10.66 10.69 10.65 10.65 
0.50 10.51 10.99 10.99 10.99 
0.75 10.33 10.30 10.29 10.29 
1.00 10.12 10.06 10.05 10.09 
1.25 9.88 9.78 9.75 9.79 
1.50 9.60 9.95 9.91 9.91 
1.75 9.30 9.09 9.05 9.05 
2.00 8.97 8.71 8.67 8.68 
2.25 8-62 8.32 8.30 8.32 
2.50 8.25 7.95 7.97 7.99 
2.75 7.86 7.62 7.71 7.71 
3.00 7.  «6 7.36 7.53 7.51 
3.25 7.06 7,  18 7.98 7.91 
3.50 6.6? 7,  13 7.58 7.95 
0.10 11.29 11.29 11.29 11.29 
0.25 11.21 11.20 11.20 11.21 
0.50 11.05 11.03 11-03 11-03 
0.75 10.8*  10.82 10.81 10.81 
1.00 10.61 10.55 10.53 10.52 
1.25 10.33 10.23 10.20 10.19 
1.50 10.03 9.87 9.83 9.82 
1.75 9.68 9.98 V.99 9.93 
2.00 9.32 9.07 9.09 9.03 
2.25 8.92 8.66 8.65 8.65 
2.50 8.52 8.27 8.31 8.32 
2.75 8.10 7.99 8.09 8.09 
3.00 7.67 7.68 7.88 7.87 
3.25 7.26 7.53 7.85 7.82 
3.50 6.86 7.52 7.99 7.93 
10.19 10.15 10.19 10.15 10.15 10.15 
10.08 10.08 10.08 10.08 10.08 10.08 
9.99 9.93 9.93 9.95 9.95 9.95 
9.77 9.73 9.73 9.78 9.78 9.79 
9.55 9.97 9.99 9.58 9.59 9.59 
9.29 9.18 9.20 9.39 9.36 9.37 
9.00 8.86 8.88 9.07 9.12 9.13 
8.67 8.59 8.55 8.79 8.87 8.88 
8.33 8.22 8.29 8.52 8.63 8.63 
8.00 7.95 7.96 8.27 8.91 8.90 
7.68 7.76 7.75 8.06 8.23 8.20 
7.90 7.66 7.69 7.93 8.10 8.06 
7.19 7.70 7.67 7.89 8.05 8.00 
7.07 7.92 7.87 7.97 8.11 8.03 
7.05 8.35 8.29 8.21 8.28 8.19 
=• 70OC 
10.72 10.72 10.72 10.72 10.73 10.73 
10.65 10.65 10.69 10.65 10.65 10.65 
10.99 10.96 10.98 10.50 10.50 10.50 
10.29 10.25 10.26 10.31 10.31 10.32 
10.09 9.97 9.99 10.08 10.09 10.09 
9.75 9.65 9.68 9.81 9.89 9.89 
9.92 9.31 9.39 9.51 9.56 9.57 
9.06 8.96 8.98 9.21 9.28 9.2« 
8.69 8.63 8.69 8.90 9.01 9.00 
8.33 8.39 8.39 8.62 8.75 8.73 
7.99 8.13 8.11 8.38 8.53 8.99 
7.71 8.02 7.99 8.21 8.36 8.30 
7.51 8.06 8.01 8.19 8.27 8.18 
7.91 8.28 8.20 8.19 8.27 8.15 

















11.29 11-29 11.29 11.29 11.29 
11.21 11.20 11.21 11.22 11.22 
11.02 11-02 11.09 11.09 11.05 
10.77 10.79 10.83 10.83 10.89 
10.97 10-50 10-58 10.59 10.59 
10.13 10.16 10.28 10.31 10.31 
9.76 9.79 9.96 10.01 10.01 
9.39 9.91 9.62 9.69 9.70 
9.09 9.05 9.28 9.39 9.38 
8.79 8.72 8-97 9.09 9.07 
8.52 8-98 8-70 8.83 8.79 
8.91 8-39 8-50 8.63 8.59 
8.99 8-36 8-1O 8.99 8.36 
8.65 8-57 8-92 8.99 f i .2S 
9.08 9.01 8.60 8.50 8.23 
t  » 80»C 
0.10 11.85 11.85 11.85 11.85 11.85 11.85 11.85 11.85 11.86 11.86 
0.25 11.76 11.76 11.76 11-77 11.76 11.76 11.76 11.76 11.77 11.78 
0.50 11.58 11.57 ^1.56 11.58 11.56 11-56 11.56 11.58 11.58 11.59 
0.75 11.35 11.33 11.31 11.33 11.32 11-29 11.32 11.35 11.35 11.36 
1.00 11.09 11.09 11.00 11.02 11.01 10-97 11.01 11.08 11.09 .  11.09 
1.25 10-79 10.69 10.65 10.65 10.65 10.61 10.65 10.76 10.78 10.79 
1.50 10.99 10.30 10.26 10-25 10.26 10.22 10.26 10.91 10.96 10.96 
1.75 10.06 9.88 9-85 9-82 9.83 9.89 9.85 10.09 10.12 10.12 
2.00 9.65 9.95 9.93 9.90 9.91 9.97 9.95 9.68 9.77 9.77 
2.25 9-22 9.02 9-09 9.00 9.01 9.16 9.11 9.33 9.95 9.112 
2 .50 8-78 8.63 8.69 8.66 8.66 8.93 8.85 9.03 9.15 9.09 
2.75 8-33 8.29 8-92 8.90 8.39 8.81 8.71 8.80 8.90 8.79 
3.00 7-90 8.09 8-25 8.27 8.23 8.89 8.75 8.67 8.72 8.59 
3.25 7-50 7.91 8.21 3.29 8.22 9.06 9.00 8.67 8.62 8.39 
3.50 7-  13 7.93 8.35 H.51 8.39 9.99 9.52 8.89 8.63 8.21 
